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PREFACE 


This book is intended as a guide to the Science Teacher in 
a .Vcondary Modem School. I have written it because I feel 
tiiat there is a need for a book of tliis kind. Many text books 
have been written for such Schools, but these in themselves 
are not guides for the teacher. There is the syllabus to con- 
sider. Since children in a Secondary Modern School do not 
sit for external examinations, there is no examination sylla- 
bus to form a basis for a scheme, and the syllabus has to be 
worked out from first principles. 

Then there is the means of putting the syllabus into effect. 
This introduces questions of method. The broader issues are 
determined by laboratory facilities and size of classes, but 
more detailed arrangements involve a consideration of 
equipment including apparatus, chemicals, and books. 

The learning of science by the children in the Secondary 
Modern School should not he restricted to Jesson periods. 
It is necessary to consider a School Scientific Society and 
library facilities. A chapter has been added on the use of 
Visual Aids. 

It is not possible to write a book of this type without help 
of many kinds. Although what I have written is largely the 
result of personal experience this has been built up through 
contact with many people who have in a measure contrib- 
uted to my experience. 

I am particularly grateful to the Science Masters’ Associ- 
ation for the help I have gained from their excellent list of 
Science Books for a School Lihrarjr in compibng my list at the 
end of Chapter Eleven. The pbns of iaboratorics arc re- 
produced with due acknorvlcdgcmcnt to the Essex Education 
Authority. I wish to express my rlianks to J. B. Lippincott 
Co. of Chicago for fig. i adapted from, “Physics for the New 
Age'* by R. H. Garlcton and H. H, Williams; to the Editor 
of the Journal of Animal Ecolo^ for fig. 4 adapted from the 
illustration in the paper by N. Haarlov entitled, “A new 
Modification of the TuIIgren Apparatus” (J. Anim. Ecol. 
16); to the Editor of Afltarf for permission to include the 



.graph in 6g. 22; to The Clarendon Press, Oxford for fig. 28 
adapted from, “Plant Life Forms*' by G. Raunkiaer (trans- 
lated by H. Gilbert-Carter); to the University of London 
Press for fig. 29 adapted- fiom “Handbook of Botanical 
Diagrams” by Blodwcn Lloyd; to Ginn and Co. of Boston, 
'SfaAtachmetts for Plate II adapted from, “The Plant 
Kingdom*’ by \V. H. Brown; and to Chapman and Hall 
Ltd., for the deiails of the spcdfic gravities of salt soludons 
(Table 1) from, ‘‘The Potato” by ^V. G. Burton. My late 
science students at Oakley Training College, Cheltenham 
have helped to pimadc material for the book. 

My grateful thanks are also due to my wife and Mr L. 
Saunders for t^'ping the MSS - 1 also desire to acknowledge 
my gratitude to Mr D. Paige who helped with the line draw- 
ings, and to Mr J. N. Britton and the House of John Murray 
for the care and trouble taken in producing the book. 

As an officer ofa local authority, I desire to state that the 
vicwi expressed in this book arc entirely my own. 

Gordon' Nuyn 

^'07J: REGARDLW VST OF UBRARr BOOKS .{pp. tsT-igs) 

Anuznberoftbeboobialhalist aretjcnvout ofprint,a2id a great many 
tK tte prira have naw been chained. Nn-erthclas the Zat has been 
fcpnntrf ia its originai fomi, since {«) out^f-print items can frequently 
be obtained secood'hand; ( 4 ) the prices give a fair indication of the size 
and scope of each work; and (e) an admirable supplement and corre ct ive 
— tbougfa confrned to bixks cuiresiJy available— will jh«tly be at hand 
in the new edition (Autumn, 1956) of the S.M-A.’s SAna Books Jar a 
Sekool LiSfOj^ Goha Murray). 



CHAPTER ONE 


THE PLACE AND VALUE OF SCIENCE 
IN THE CURRICULUM 

“Then felt I like some watcher of the skies when a new 
planet swims into his ken."* 

A. Science as a Bacroround Subject 

Science appeared on the time-tables of all the Secondary 
Modem Schools I have seen, and it is reasonable to suppose 
that it will as a general rule appear in the curriculum of all 
such schools. The question as to why it is there does not 
appear to be always clear. Some schools do not include 
French in their curriculum, but why, for example, should 
Science be preferred to French? 

As a subject. Science can be placed on the time-table for 
two main reasons. The Erst is to have it included because it 
is felt that Science should be in the background of the minds 
of all civilised individuals; it should be pan of their mental 
make-up. To put it briefly, let us consider it a “background 
subject”. 

In this capacity the learning of science in the Secondaty 
Modem School should peifoim four functions. 

The first function is the incxdcating of the Spirit of Science. 
This, in my opinion is the most important function. To some 
people the suggestion of a Spirit of Science may sound 
ethereal or even psychological. It is probably both of these 
and more. After Isaac Nc%vton had achieved fame, he is 
reported as hawng said, when gracious homage was paid to 
his'grcat discoveries, that he fdt like u child playing on a 
pebbly shore. Every now and again the child finds a prettier 
pebble than its fellows which be picks out and places on one 
side. Newton likened the finding of a prettier pebble to a 
scientific discovery. There is something in the Scientific 
Spirit which savours of ^orious adventure. After all it is the 
search after Truth which the Philosophcra from the time of 
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Plato have considered at least equivalent to the searches after 
Goodness and Beauty. 

The search after Truth is an effort to understand the 
world factually. To understand something factually docs not 
make such a pursuit materialistic, for in putting together 
this jig*saw we disojver sometl^g of nature’s mystic 
methods. ^S^c who have a strong sense of the Spiritual say 
that we sec something of God’s purpose in Nature by the 
scicntiSc pursuit ofTruth, 

Basing irutli on facts has a disdplinaiy value which only 
those svho have carried out scientitic research can appreciate 
fully. Scientific discovery in many cases begins with specu- 
lation. You get a “hunch” and then )'du proceed to find out 
if your “hunch” is correct. Often you discm'cr that facts 
show it to be false. But in carrying out this work you may 
disojver by accident something that is true. 

Let me quote a personal case. In carrying out research on 
the Vitamin G content of potatoes, we thought at one time 
that small potatoes had a higher concentration of this vita- 
min than large potatoes. After examining a dozen potatoes 
litis appeared to be true, but after toting loo potatoes it %vas 
shoviTi to be false. However, m the course of the work we 
discovered that depredation ofVitamin C in potatoes during 
storage is related to the humidity of the atmosphere during 
iWs period.* 

Another great v’aluc of the Sdentific Spirit is the humility 
which it engenders. Before the intricades of nature, the 
genuine sdentist becomes very bumble. If -you read the 
histoty of Michael Faraday or preferably lus own svritings, 
you ill notice how humility is a vtry great part of his char- 
acter. One example of his humility is the way in which he 
refused to have honours bestowrf upon him by Queen 
Victoria. 

The second function is training children in Sdentific 
Method. Since tltis subject will be treated more fully under 
I wOl only wsitc briefly here. Sdcncc without 
sdentific method is not truly sdenci^ because it is in the 
\ cry nature of Socnce that it has been built up by following 
certain well-defined methods. 
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Fiwt of all data must be obtained. Now for data to be 
obtained certain matters must be observed. Scientific ob- 
servation is of great importance for it provides the facts on 
which scientific reasoning is based. 

Observation can be done dirccUy by seeing, hearing, feel* 
ing, lasting, smelling or exercising one of the other senses 
some psychologists say we possess.* In tlicsc da>^, however, 
scientific observation is usually not quite so simple. 

The senses can be magnified by using such instruments as 
microphones, microscopes and telescopes. Or observation 
can be made more accurate by measurement with all kinds 
of instruments from simple rulers to such complicated 
devices as meters, catiietomctcis, spectrometers and 
spherometers. Or again tests can be carried out (0 bring to 
our observation matters which cannot be sensed otherwise. 
Common tests of tins kind arc chemical and electrical. 

In reaching conclusions from the data obtained by observ- 
ation Uie argument has to proceed by wcD-defined stages. 

To begin with, we must be sure of our data. This not only 
involves accuracy on our part, but also in the instruments we 
tise. Data cannot be more accurate than our instruments and 
our powers will allow. Tlien again we must be sure that we 
arc measuring what we intend to measure. A scientific tyro 
may sow cabbage seed each year in tlic same plot of ground 
and measure the average yield per seed each season. He may 
deduce that the difference in )dcld varies according to the 
rainfall without considering such factors as the varying 
fertility of the soil, diseases ofbrassicas and pests. 

Consequently in considering data, a scientist must con- 
sider all the factors that may have contributed to the data. 
His knowledge and c-tpcricnce may not provide him with all 
of them. Not only should he know all the factors but he must 
also know the varying powers of their influence. It is a rule 
of scientific procedure that If you experiment you must only 
change one factor at a time. Then when you get a change in 
result you can usually tell which factor has caused it. 

In biological work this is mucli more difficult because the 
life-factor comes in. The work I have been carrying out in 
the Vitamin C content of potatoes has shown that the 
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concentration of tWs vitamin varies more as between potatoes 
of the same variety than between potatoes of different 
varieties. In order to arrive at conclusions regarding the 
average Vitamin C content of different varieties, on lifting 
it is necessary to test at least two dozen potatoes of each 
variety grown under similar conditions of soil, manuring, 
mechanical treatment and during the same season. Potato^ 
possess individuality like all other living things. It is for this 
reason that statistical analysis has such a fundamental part in 
biological research. 

When the data has been accumulated in such quantity 
and quality as to justify reasoning, the next stage of Scientific 
Method comes into pUy. 

There are three chirf methods of reasoning: Deductive, 
Inductive and Analogical. The main point is that the reason- 
ing must be logical. It is important to have correct facts; it is 
equally important to reason carefully. 

As a result of this reasoning, the scientist arrives at con- 
clusions. They may be positive in that he discovers something 
new or may be negative which in their turn dbprove some 
theory. Although the negative result is not so startling as the 
positive, it is, nevertheless, important. In this last stage there 
arc subtle snares, for since scientists arc human, they like to 
find conclusions they expect They like to be able to prove 
some pet theory, but if data and reasoning show the theory 
to be untenable they must, if they arc true scientists, grace- 
fully admit that their theory has been discounted. Children 
“cooking” results in a la^ratory when determining the 
equivalent of magnesium arc not doing anything very 
strange; adults are just as prone to this kind of juggling. 

The next aim is to give children an understan^ng of 
nature and man’s use of nature. X«ct us first consider nature, 
80 far as we can, as if it were uninfluenced by man. In our 
own country it is not easy to draw the line, but we can say 
that the heavens, the seas, moat of the coast, the mountains, 
the bo^ and marshes, many of the rivers, lakes and ponds 
and rock faces as well as the interior of the earth are largely 
natural. In addition to these regions wc have the plants and 
animals that arc indigenous to them. The heavens largely 
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foiin the basis of tlie study of Astronomy and Meteorology. 
The latter has the distinction of being the science which man 
makes a great deal of use but can do little to alter. The 
structure of the earth’s interior largely concerns Geology. 
The pattern of the plant and animal life is called Ecology. It 
is desirable that children should have some knowledge of all 
this. It is, in fact, die natural environment in which they live. 

The second part of the study, is man’s use of nature. Now 
the child’s own body seems to come in between the two; it has 
^sen through the natural forces of evolution, but it is also 
influenced by man’s use of nature and is the raison S'llrt for 
man influencing nature. The science curriculum can be 
likened to an arch. In many ways, the study of the human 
body should be the keystone of any general science course. 
You can consider the natural world as being on one side of 
the arch, and man’s effect on nature as the other side of the 
arch. 

Man’s use of nature is a vast subject. Even the face of the 
countryside has been largely altered by man, by fanning, 
building, road-making, sport, the spoils of industry and in 
many other ways. From the point of view of a general 
science coune we have such subjects as the chemicals which 
man has produced, and their uses; the metals he has pro- 
duced from raw materials; the production of pure water, 
gas and electricity and their uses; the disposal of waste and 
the production of materials for his use. 

liic last point which concerns the value of Science as a 
Background Subject is that concerned wth learning the 
facts ofsdcnce. On this matter there has been a good deal of 
controversy. Science in Grammar schools has been to a laigc 
extent amcerned Mth children learning facts in order to 
pass the first and second ofladal school examinations. This 
kind of memorisation has persisted also in the Univ'cnity. 

It is desirable to train the memory, but surely not by learn- 
ing facts ^vhich arc often of little use. Some few facts may be 
essential as tools in life, but it is really more important to 
know how to ascertain fads quickly than it is to remember 
them. It is here where the training in the use of a library is 
important. 
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A teacher of Science will find it useful to draw up a list of 
facts which he thinks children should know on leaving 
school. The list can be shortened for C and D children by 
careful selection. Since opinions should differ regarding 
^vhat are essential facts I do not propose to include my list. 
Like the Syllabus itself^ the list does depend to some extent 
on the school and its environment. 

Just allow me to mention another point about learning 
facts. Recently I carried out tests in different types of schools 
in varying localities with "14 plus” children. Children in 
Grammar Schools only did better in these tests in the sub- 
jects in which they were examined in the School Certificate 
Examination. The children in a school in one of the dock 
areas ofLondon kne^v more about the colours of wild flowers 
than the children in a country school in the heart of Glou- 
ccstcnhireJ 

B. Science as a Subject troviding a Basis op 
S pEcinc Knowledge and Method 

the second reason for ptaang Sdcncc on the time-table 
is as a spedfic subject This is not often done in the Secondary 
Modern School, which I feel is a weakness. The Secondary 
Modem School should provide a common curriculum for 
the children up to 13 years of age. At 13, the children should 
have a choice of courses according to drcumstances. Such 
courses as Nursing, Domestic Sdtnce, Commerdal, In- 
dustrial, and Agricultural might be arranged. I know that 
often staffing and bmldings do not allow this kind of arrange- 
ment, but if the Secondary Modem School is to justify its 
place in the scheme of Education, this is one way in which it 
should devdop. 

A child opting to take the Commerdal course would con- 
tinue to take “General Sdene^’* as a background subject, 
but a child taking Nursing, Domestic Sdcncc, Industrial or 
Agricultural courses would take Sdcncc as a spedal subject. 

is a socational aspect; in the case of Nursing, the 
sdcncc would be based on The Human Body; in the case of 
Domestic Sdcncc it %vould be based on The Human Body, 
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Food and Nutrition, Cleaning and General Household 
Management. In the case of the Industrial course, the 
science would depend on the industrial environment, which 
tnfgiit suggest such subjects as Mechanics, Electricity, 
Chemistry or Biochemistry. Agriculture would suggest a 
science made up of Biology and Rural Science. 

There is also the child to cor»sider who is interested in 
sdence as a hobby. It is likely that he will in any case follow 
one of the courses 1 have mentioned. The Scientific Society 
will give this child the extra scope he needs. 


C, Tre Social Value of Science 

Nmv that many Secondary Modem Schools are organising 
courses in social studies, it is worthy of consideration to 
include in these studies something of the history of science. 
Teachers do not always dberiminate between carrying out 
scientific work and reading or talking about scientific svork. 

To provide an example, to give a lesson on Michael 
Faraday without any demoristrations of the ejqpcriments he 
carried out is not in itself justified in the Sdence curriculum 
of a Secondary Modem School. In the Science lesson the 
children can see a demonstration of some of Faraday’s 
experiments, for example on clcctrolysb and on electro- 
magnetic induction. They should also be able to cany out 
some for.thcmsclves. In the Social Studies group of subjects 
Michael Faraday can also appear. 

In this group of subjects, he will be considered in relation 
to hb own time and our own time. ^Vilh reference to his own 
time it can be sho^vn how he became famous rising in hb 
scientific career from a laboratory assbtant at the Royal 
Institution to the Director of that august place. The impact 
of his contributions to science ivas not felt until some time 
later, till many years after hb death in fact. 

In the Social Studies group ofsubjccts which, by the svay, b 
often taken instead of Hbtory and Geography, the historical 
development of science is seen tn its relation to contempor- 
ary and later events. It b not only such epoch-making 
inventions as the steam engine the internal combustion 
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engine, antiseptics, anaesthetics, the production of nitrogen 
coddes from the electrical spwHng of the air, and atomic 
fission whidi have altered the shape of events, but also the 
many minor discoveries svMch have made their contribution 
to the pattern ofcirilisation. 

It is good to see the development of social studies in 
schools, for here is a splendid opportunity to interweave the 
various strands of historierd development* This provides, a 
great opportunity to reveal the cultural value ofsdencc. 


Summary 

A. Sdence as a Background Sutgect. 

1. Place in the cuniculmn. 
a. Value. 

i aS loculcadng the Spirit of Sdence. 

6) Train i ng the children in Sdendfic Method, 
j) GiviM children an understanding ofNature and man’s 
use ofNatuxe. 

(d] Learning some of the important tacts of Sdence. 

B. Sdence as a subject providing a basis of specific knowledge 
and method in the case of those children who: 

I. Are interested in Sdence for its own value; and 
2, Areintcrested in Sdence from the point of view ofacarecr. 

C. The Social Value of Sdence. 
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CItAPTER TWO 


CONTENT 

A. The Baceorouno Science 

From experience 1 have found that the general science 
courec in a Sccondarj' Modern School is best based on topics. 
The topics which suggest themselves arc Tiic Home, Trans- 
port, Hobbies, The AVorkshop,Hc.iUh nod the Human Body, 
TJie Garden, The Farm, and The Countryside. These seem to 
be llie more obwous subjects. Tltcy arc all concerned svith 
the child and his enrironment. 

1. The Home 

Under this heading we might choose such topics as Water, 
Gas and F.lectricicy being the three utility services associated 
with most houses. To these we might add as separate topics 
the telephone and the wireless, which although develop- 
ments of electricity, might well be treated separately. 

Water has to be supplied to the House so the question of 
supply naturally arises. What is the source of the supply, is 
it a river, an artesian well or a rcscr\’oir situated in the hills? 
How is the water trc.itcd so as to be fit for use in the home? 
It is licrc where a visit to the Water Works is indicated.* 
Here the children can see the difiercnce between “raw" 
and "pure water”! By means of a microscope they may be 
able to see b.acteria in the ‘•raw” water or cultures made 
from such samples. There may be algae in the water such as 
st.'ir-shapcd diatoms. At the AVatcr Works the children will 
learn the methods of trCiitmcnt before filtering, a treatment 
designed to free the water of impurities, particularly the 
dangerous ones. 

The filter beds svill prove mteresUng. Cliildrcn should 
learn something of the flora and fauna wliich can arise on 
filter beds. There is a particularly good film called “TTic 
Filter”* which can be used to illustrate tliis point. 

When the cliildrcn have visited the Water Works they may 
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like to construct a model of the Water Works. It is also help- 
ful for them to bring back to school samples of the water 
after the various treatments. 

How the ^valcr reaches the home is the next question. It 
may be that the reservoir, which is the source of the water, is 
situated in die hills much higher than the house. Water will 
flow downhill, but it also flow uphill so long as it is in a 
closed pipe and the end of the pipe is below the level of the 
water in the reservoir. The Romans did not know thb; that 
was why they built aqueducts to carry svatcr across valle>'s 
in pipes. 

In some districts the svater has to be pumped up to a sub- 
sidiary reservoir above the particular town or \dUagc. Tliis is 
a useful way of introducing the subject of pumps. liquid 
pressure can also be brought into the scheme at this stage. 
When the water reaches the house it enters the household 
system. Children should become familiar trith this and com- 
pare it >yith the school system. This brings in convection, 
conduction and radiation of heat. 

Then there are the uses of water in the home. ^Valc^ U used 
for cleaning purposes; for washing ourselves, our clothes and 
our utensils, for flusl^g the W.C. and for cleansing drains. 
All these introduce other topics. 

Washing ourselves and our clothes suggests soap. Soap can 
be made in the laboratory from rancid fat. The manufacture 
of soap can now be considered. Children may be able to visit 
a soap works. In connection with this subject, surface tension 
can be dealt with for the purpose of soap is largely to increase 
the wetting property of water. 

This leads to the subjects of soft and hard water. The two 
kinds of water can be compared particularly in their action 
on soap. A differenUation should be made behveen tanpor- 
ary and permanent hardness. Methods of treating Iiard 
water may be outlined. 

Synthetic detergents can also be considered. These are in 
many ways superseding soap because they have certain 
advantages over soap, c.g. they do not require fat and also 
they arc unaffected by hard water. 

The use of the water for flushing W.C.S and drains leads 
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on to a subject ^vWch has tended to be neglected in scliools, 
viz. selvage disposal,’ It is important that the waste mat- 
erials cliininatcd from human beings should not be wasted.* 
Particularly in so far as tlicy arcso ridi in nitrogen Uiey have 
a high fertility value for soils. 

There arc also industrial wastes to consider. Some of these 
are useful, such as the fibrous material from woollen mills. 
Others require very careful treatment because of their 
dangerous character, e.g. those Grom chemical works. 

Finally in connection with water there is the question of 
using it as a solvent. Not only arc beverages made from it, 
but also it is used widely in cooling and in making up all 
kinds of solutions. 

Other topics concerning tlic home can be dealt with on 
similar lines to those I have indicated for ^vatc^. 

2. Transport 

Under this heading we might deal in successive yean ■with 
the bicycle,* the steam engine,* the intcmal combustion 
engine’ and the electric motor. 

These four subjects bring in a variety of scientific applica- 
tions. The bic>'clc is an example of hosv we can harness our 
own energy through a lever system in order to propel us 
along. Here we can introduce such matters as the triangle of 
forces, pulleys, mechanical advantage, springing, lubrication 
and friction. 

In the steam engine we can sec how steam can be harnessed 
for our use. Tlris introduces additional subjects, particularly 
the loss in energy from the suppljdng material sucli as coal 
to the mcclianical power produced. Pistons and cylindcre and 
the fly-wheel are brought in. The subject of gears might also 
be considered. 

The internal combustion engine shows how ^ve can make “ 
use of a simple chemical reaction to provide motive power. 
Here we have in the cylinder of the motor car engine a 
splendid example of expansion and contraction following the 
explosion of two gases (petrol and air) mixed togctlicr. The 
motor car introduces many scientific principles. Tliis is 
largely a self-contained unit with its own cooling and 
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dectrical systems. Both of these are worthy of detailed inves- 
tigation. ITie springing s>^tera b a remarlcable arrangement 
with leaved springs, shock absorbers and pneumatic tyres. 

In the last year we might consider the electric motor as 
used in electric trains. Here %vc have a comparatively simple 
arrangement svhereby clcctridty is generated and then 
transmitted along lines or wires tc tlic electric motors in the 
tnun. This is not a self-contained unit like the internal 
combustion engine because of the necessity for the motor to 
be in ccnitsnt contact nrth a suppiy ot e^ectncity. 

3. Hobbies 

This provides an opportunity to encourage sdentific 
hobbies such as photography. Such a topic gives a useful link 
wth the sdentiiic sodety. In lesson time the children can 
learn the prindples of photography such as exposure, focus- 
ing, developing, printing and enlarging and in the sdentific 
sodety periods they can practise their owm photography, 

4. The Workshop 

In this section an opportunity is afforded to consider the 
sdentific prindples at the basis of the svork carried out in 
the wood and metal workshops. The children learn about 
the numerous uses of the incUned plane as a chisel, a plane 
and a scrctv. They get opportunities to examine sections of 
different kinds of >vood in order to sec how their properties 
are related to structure. This is also a good place to consider 
the properties of matcriab in general and metals in partic- 
ular. It always seems to me that there is a wonderful diversity 
of metals suited for any purpose. Think for example of 
toughened steel, malleable lead, ductile copper, light 
alumimuTn, resistant gold and easily melting alla>'S of various 
kinds such as pewter. Electroplating can wdl be introduced 
here. 

5. Health and the Homan Body 

V In this connection anatomy should be considered only in 
St^jfar as a knowledge of it is necessary to understand physi- 
’ib^i^and its relationship to health. 
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This part of the scheme should be considered hi relation 
(0 Physical Education work. Wc should also be concerned 
with nutrition and it is here that srhool milk and meals can 
have their relationship \vith the education of the children. 
Also let us consider how education develops the individual 
through the senses.® Then there b the subject of sex educa- 
tion.® Consider these in turn. 

The human body so far as physical education is concerned 
must be thought of in terms of the skeletal framework; the 
muscles; the heart; lungs, circulation and respiration; the 
alimentary canal and its accessory organs; elimination and 
excretion and the nervous system. Wherever possible experi- 
mental work should be done and use made of films,“ film 
strips and X-ray transparencies from local hospitals. 

Nutrition is largely the basis of good heahli. TJic school 
meal should be considered from the point of view of how 
far it contributes to the nutritional needs of the children.®* 
Docs it provide an adequate supply of proteins, carbohy- 
drates, fats, vitamins and mineral salts? Does it provide the 
right kinds of proteins? Does it provide all the %dtamins 
necessary and does it give a daily supply of those vitamins 
which cannot be stored in the human body? The human body 
has been found to require a large variety of salts;®* are tJjcse 
supplied in the school meal? 

It is (he author’s opinion that all schools should have their 
own kitchens so that not only is food eaten soon after being 
prepared, but also tJ that the Head Teacher has a large 
measure of control over the menus and the cooking. It is, of 
course, desirable that the Head Teacher should have a good 
knowledge of dietetics. 

Then tlierc is the question of the school milk. Wliat arc 
the advantages to the child in having milk in tlic jmddle of 
the morning? It is also important to consider what the 
children require in the meals they do not have in school. 

In this section of the scheme it is desirable to carry out 
simple Biochemical Tests.** 

The subject of the senses is often omitted in a school 
syllabus and yet how important they are. Our education 
proceeds almost entirely way of the senses. There should 
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be lessons on sight,** hearing, feeling, tasting, and smelling. 
Again it is useful to cany out simple experiments. 

Finally in this connection vre should consider scx-educa- 
aiion. Tills is much discussed and is often discussed in the 
wrong way. ^Vhy do children require scx-educadon? To say 
that it is to improve morality is absurd for morality is con- 
cerned ssath ethics, not with physical knowledge. Some 
actions by people which are considered immoral may be due 
to ignorance, but they muse represent a very small propor- 
tion. The reason for teaching children about sex b simply 
because sex b part of them just as Uic circulatory sj'stcm is 
part of them. It b true no doubt that society places a restraint 
on the libert)' of sex impulses and thb question should be 
considered in schools. The question of sex will often occur in 
biological teaching so that when it b considered with regard 
to human beings it uill not appear unusual. 

6. The Garden 

All Secondary Modem Schools should have gardens. 
Tliesc gardens fonn useful outdoor sources of biological 
teaching. When the children become interested in the school 
garden the}' uill at the same time become interested in their 
home gardens. 

The school garden should be planned not only to prm'idc 
a cultural and aesthetic setting for the school, but also to 
show chndrcn the methods of cultivating vegetables, fruit 
and flowers. There should be experimental plots where 
scientific experiments such as variety trials, effects of manur- 
ial treatments, effects of pest controls and other work can be 
carried out. Any failures in the school garden should be in- 
vestigated from a sdentific point of vimv. \NTiy did tWs 
■Worcester Pcarmam not bear fruit last year? ^Vhy have the 
tomatoes in the greenhouse cracked.’ Why has blackfly on 
the broad beans been such a nuisance thb year? 

All the botanical material can be obtained in the school 
gardcTU It also forms a good habitat for the study of insects. 
More attention should be given to insects in school. Thc>’ are 
a form of animal life whidh is easily obtained, and insects of 
different Orders can be readily obtained finm the garden- 
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They represent the highest class of the invertebrates. They 
can be easily collected and stored. All kinds of problems can 
be considered in relation to insects such as their various kinds 
of locomotion, respiration, feeding, coloration, their senses 
and their effects on mankind. 

7. The Farm 

- The school rural sdcnce course should be concerned not 
only with livestock on the school premises and in the school 
gaidcn, but also svith some local farm which has some good 
fanning methods. I should like to see model farms set up to 
serve groups of secondary schools. They svould provide places 
for the study of livestock and agriculture. In addition they 
would supply the school canteens with much of their prod- 
uce, such as meat, eggs, poultry, milk and vegetables. 

In all this there is much science to be leamt. Tiiere is the 
mechanics of farm machinery from the simple spade to the 
elaborate harvester. The preparation of clean milk** is 
another subject n-orthy of scientific study. The farm animals, 
the cow, the horse, the dog, the pig and the sheep, provide 
excclicni material for simple comparative anatomy.** The 
scientific principles of the rotation of crops can be con- 
sidered. Insects come into the scheme again by way of pests 
of farm animals and crops and also in a positive >vay in 
connection with bees and honey. Diseases of plants and 
animals can also be considered. 

It would be good to sec some forestry in schools. Vfhy not 
let school gardens liavc a section for a small collection of 
forest trees? Cliildrcn can also see forestry on the large scale 
and Icam something of forestry methods. In the school 
plantation they can study the characteristics of the different 
species of trees. 

8. The Countryside 

The countryside may be considered in tiic school syllabus 
each year. The seasonal aspect of the countr>'sidc c-an be 
dealt with in the primary school. Tlic succession of the 
seasons Spring, Summer, Autumn and Winter with all that 
this implies gives cliildrcn an impression of the rhythm of 
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nature which is particularly important at the junior school 
stage. In the secondary school, the study of the countryside 
can well lead to simple ecology in the final year. The idea 
behind this is to show that not only have we a rhythmical 
dcN'clopmcnt of nature, but we have also a pattern. Tlic 
countrj’sidc is the complement of tlic study of the farm and 
the garfen. It represents nature untouched so far as possible 
by man. We may not be able toAisitaSt Kllda island or even 
a moor or the sea-shore, but we should try to show the 
children something of nature unaffected by man. This is 
difficult in a tosvn svith only parks pro\'iding anything c%’cn 
remotely resembling the countri-sidc. However, it should be 
possible to arrange an annual school camp in a natural spot 
largely unspoilt and undeveloped by man. Such a camp svill 
pnjvidc data for many months afterwards, particularly if tlic 
children can bring back spedmens. 

B. Science as Part of a Vocational Training 
Children who are likely to need science in the vocation 
they engage in, be required to take an additional 
science coune to gi\'e them special technique and knowledge 
to help them to adapt themselves to their special wcations. 
So often in the past, the change from school to work has been 
abrupt. This abruptness has been largely due to ignorance of 
the true nature of education. If we educate the whole man, 
as indeed we should, we should as part of our task educate 
so that the change from school to work is not abrupL 

There has been a tendency to despise vocational training 
in the past in spite of what the great Philosopher and 
Educationalist A- N. ^Vhitehead has said,** “The antithesis 
between a technical and a liberal education is fallacious. 
There can be no adequate technical education which is not 
liberal, and no liberal education which is not technical: that 
is, no education which docs not impart both technique and 
IntdJcctual sision.” 

Our work is surdy a \otal part of our living. The more 
nearly the work becomes part of our higher self the finer it 
becomes. We mmt not despise vocational training, we must 
encourage iL Much of Grammar School education is voca- 
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tional training for the professions and as such it is iiighly 
successful in the main. Tcdmical education has not been so 
successful, because it has been considered second best, yet 
technology requires .just as good an* intellect as any of the 
professions and it often requires greater skill. The Secondary 
Modem Scliool still largely comes third and takes about 
70 per cent of the population when the brightest children 
have gone to Grammar and Technical Schools. This is surely 
VrToiig. The Secondary Modern type of education is a differ- 
ent type from the Grammar and Technical; it is not an 
inferior type for inferior children. It is an education of a more 
practical type; an education which can be successfully carried 
out by children %vith lower mental capacities than those who 
can successfully carry out Grammar and Technical courses. 
This means two things. In the first place there is no reason 
why bright children who are interested in what the Secon- 
dary Modem School has to offer should not go to the 
Secondary Modem School rather than to the Secondary 
Grammar or Secondary Technical Schools. The second 
point is that far too many children go to Secondary Grammar 
and Technical Schools who would do belter in Secondary 
Modem Schools. 

Let me now relate these ideas to Science in the Secondary 
Modern Schools. Since I shall be dealing with this subject 
from other points of view in chapters 4 and 8, I will be 
comparatively brief in this chapter. 

1. ClJEMISTRY 

The boy’s and girls who are likely to work in laboratories 
should receive consideration. These will later take National 
and Higher National Certificates in Chemistry at Technical 
Colleges if facilities arc available and if they arc keen.” 

Tlie chemistry whicli they do in school during the last two 
years should be based on the common elements and their 
more important compounds. Some chemical theory, par- 
ticularly that related to the periodic table and a little organic 
chemistry can be introduced. In many ways organic chem- 
istry is more easily assimilated than much of the inorganic 
chemistry which is taught and it b often more valuable. 
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2. Engineering 

The engineering varies ivith the district It can be 
divided into several kinds such as dvil, mechanical, electrical, 
mining, textile, small scale and large scale. The kind which 
is catered for may be basoi on local engineering or it may be 
on general lines. There is something to be said for both. 

In this subject we would expect children to have facilities 
for continued study in Technical Collies leading to definite 
qualifications. 

The sdence in school would be largely based on mech- 
anics, heat and electricity with the chemistry of the metals. 

3. Building 

Children who are interested in building should have 
facilities when they leave school to continue the work in 
e%’emng institutions and Technical Colleges with building 
courses, including such subjects as carpentry, concrete tech- 
nology and plumbing. 

The science which they do in school should be based on 
statics and hydrostatics, the chemistr)' of building materials 
and the study of the chemical reactions involved in such 
processes as cement manufacture; the drying of plaster of 
pans and paint and the corrorion of metals. 

4. Horticulture and Agriculture 

Tljcrc arc far more opportunities for children to take agri- 
cultural courses at Agricultural Colleges and Farm Institutes 
than there used to be. There is probably still need for expan- 
sion of these institutions. Tlic Royal Horticultural Society 
offers encouragement for Uie continued study of horticulture. 

In school, the sdence should be a rural type of science with 
complementary councs in the garden and on the farm on the 
one side, and laboratory work on the other. The pure sdence 
concerned svill be based on the chemistry of fertilisere, plant 
processes and animal processes; the biology of plants and 
am'mafs and a spedaf study of sods, pests and diseases. 

5. Navigation 

In a school near to a port it might be useful to give 
some training in navigation. Such a course might wcU 
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be based on meteorology, mechamcs, hydrostatics and 
electricity. 

6. Textiles 

In a district where te.\tilc3 form a staple industry it would 
be useful for children who are Ukdy to go in for tliis type of 
^vork to undertake a science cout% of a special type. 

It should include the simple study of fibres" with the 
study of the physics and chemistry of fibres. Mechanics 
would also be ustful since those who work in textile factories 
have to deal tvith machines. An introduction to the know- 
ledge of colour and dyeing would be helpful. The course 
might also include bleaching. 

7. Domestic Science 

A number of the girls in the school vrill wish to go in for 
domesUc science either for the purpose of earning a living or 
for the important vocation of housewife. 

Domestic science is largely based on sdence. Cooking, 
cleaning and other aspects of the subject are really appll^ 
sciences. Such a coune should include a study of nutrition, 
cleaning agents and the properties of materials particularly 
metals. A knowledge of human physiology is also useful in 
such a course. 

8. Kursino 

Girls who wish to go in for nursing will require to know a 
good deal of science. IVhilst there is much more in nursing 
than science, it is probably true that it would be a good thing 
if nurses knew more science. 

In particular a knowledge of human anatomy and physi- 
ology is indicated. Added to this there should be some 
biochemistry (including nutrition). 

I have briefly tried to in^cate special science courses 
which might be included in Secondary hfodem Schools for 
children aged from 13 to 15. ITie types of courses to be 
arranged will depend on tl»e locality and the general facili- 
ties of the school. The criiidsm that is likely to be made of 
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this suggestion is that there is neither the accommodation 
nor the stafUng to carry it out. If we can agree that it is 
desirable and enough determination is shown, the accom- 
modation and the staffing svill be prowded in time. 

In the meantime, something should be done along these 
lines. It will usually have to be a compronuse but of this I 
am certain, that jJtemaiivc courses should be ofFered to 
children at 13 according to thdr abilities and aptitudes. If 
not, then it must be denied that the important part of the 
Education Act 1944 which says children should be educated 
according to age, aptitude and ability is being implemented. 

Since this book is concerned tvith science I have not indi- 
cated the other subjects which would come into the v'arious 
courses. For example a course in Navigation would include 
Geography and Mathematics; a course in Engineering would 
include Mathematics, Wood and Metalwork and a course 
in Nuning would include English for precise description. 

In this chapter, I have tried to indicate the lines on winch 
the content of a Science coune in a Secondary Modem 
School should be based. The reader \vil] probably not agree 
with all of it. He ^vill, for instance, say perhaps that there are 
certain omissions. In that case he might feel that in his par- 
ticular school there should be certain additions. On the other 
hand, he nught desire to leave other topics out. That is as it 
should be. 

It is neither possible nor desirable to lay down a science 
syllabus for every Secondary Modem School. In chapter 4, 
I shall indicate how a syllabus should be planned in relation 
to environment and the capadty and needs of the children. 

C. How Far Can We Introduce Modern 
Scientific Developments into the Curriculum? 

Whilst it is desirable to keep a science counc up-to-date, it 
must be realised that there arc often one or more difficulties 
in the way of introducing modem scientific developments. 

The first relates to the complexity of many modem 
sdcn^c developments sudi as the electron microscope, 
tdeviaon, ne\v drugs, plastics and viruses. 
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The second, whxch is mually found present with the first, 
b the difficulty of carrying out experiments to illustrate such 
modem subjects, which will be intelligible to even the oldest 
A form in a Secondary Modem Scliool. 

A useful way of introducing such topics as cosmic-rays, 
X-rays, ultra-violet rays, infra-red rays, svircless waves and 
other elcctro-magnctic waves would be first of all to consider 
the subject of these ^vaves in general. A big chart*® on which 
these were indicated might be a useful focal point. From a 
consideration of the properties of the various electro- 
magnetic waves it should be possible to deal with such sub- 
jects as the simple wirefess set and radar. 

The study of wnrclcss might begin with a simple cr^tal 
receiver with fixed coil and variable condenser. Then we 
could lead on to a one valve set. More complicated sets could 
be considered with diiTerrnt stages, giving reasons Jbr the 
uses of varying types of valves, and of such devices as chokes, 
transformers, fixed resistances and fixed condensers. Finally 
it may be possible to consider the various properties of a 
cathode ray tube and how it is employed in a trievision set. 

Atomic fission might arise from a general study of atoms 
and molecules in the last year. Although the actual method 
used for separating the two isotopes of uranium to produce 
U235 (u'hich was the active element in the atomic bomb), is 
not easy to make simple, it is possible to explain fairly easily 
Ijow atomic-fission takes place. By way of illustration it is 
useful to show the film on Atomic Physics** and possibly 
some uranium salts. The fluorescent nature of these salts is 
most characteristic. 

Jet propulsion, in which power is developed svithout 
pistons is fairly simple to illustrate. If a balloon is allowed to 
devclope a small leak k moves forward in the opposite 
direction to the leak. This principle is illustrated in fig. r. 
In the jet propulsion cn^ne, gas escapes from the rear form- 
ing a jet and thereby develops reaction power. With the 
propeller attached to the shaft, the jet engine has thereby 
two kinds of thrust. Jet propulsion can be considered a late 
development of the ancient engine known as Hero’s engine in 
which escaping stcamcaused the rotation ofa smaUpropellcr. 
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Since synthetic plastics of varied types form quite a large 
proportion of the articles in connnon usage, it should be 
possible to include same infonnation about them. Mention 
may be made of thdr physical properties and with intelligent 
children a little of the chemistry may be attempted. Plastics 
in general are classified as thcnnoplastic and thermosetting. 
The thermoplastic class includes materials, natural and syn- 
thetic, whose shape can be altered by heat and pressure. On 



Fig. I. Gas pressure inside a dosed shell (A) pushes equally 
against all sides. The shell now stands still, but when an o;pening 
at one end (B) lets the gas out with no force to cancel It, the 
pressure at the other end makes a thnut from the shell. 

the other hand thennosetting plastics are all synthetic, and 
in tlieir finished forms remain rigid and unchangeable. The 
chemistry of plastics must include some account of poly- 
merisation as this is the essence of the molecules fonrung 
plastics. A number of experiments can be carried out to 
illustrate plastics. 

Some modem drugs and their uses may be considered. 
There was a striking experiment which came to notice quite 
by aeddent. Some of the author’s students had been prepar- 
ing cultures of bacteria from raw water. These cultures were 
do’doping quite rapidly on agar agar nutrient medium in a 
petri dish when a mould began to make an appearance. This 
mould grew and soon dominated the flora of the dish. It was 
possible to witness its gradual depredations of the bacterial 
flora. This reminded us of the famous experiment which 
Fleming himself came across by aeddent and svhich led to 
his bolation of pcnidlltn. 

Wiilst much of modem sdcncc is fascinating to the adult, 
we must Ik: careful ho>%' much wc introduce into the Science 
syllabus and how complex wc make its subject matter. 
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SauuAfty 

A, The Background Science: 

1. The Home. 

2. Transport. 

3. Hobbies. 

4. The Workshop. 

5. Health and tiic Human Body. 

6. The Garden. 

7. TJic Farm. 

0. The Countryside. 


B. Science as part of a vocational training, c.g.: 
I. Cheinislry. 
a. Engineering. 

3. Building. 

4. Horticulture and Agriculture. 

5. Navigation. 

0. Textiles. 

7. Domestic Science. 

8. Nursing. 


C. How far can we introduce modem scientific developments 
into the curriculum? 


RzpEREMces (Chapter Two) 

(For an explanation of Film abbreviadont set Chapter 12) 
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Sanderson, Inside Liring Animals (Pilot Press). 

Sanderson, Inside Farm Animals (Pilot Press). 
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(Williams and Norgate Ltd.). 
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CHAPTER THREE 


METHOD 
A. Reading 

The most general way of obtaining knowledge is by read- 
ing. Although Science is a practical subject, much of it is 
learnt by reading. Even research scientists must, in the course 
of their work, read about tijc efforts of contemporary and 
past scientists. To them there is usually little point in carry- 
ing out experiments which have been satisfactorily carried 
out by others. From tliis arise two valuable guides in con- 
sidering what children should read in science. 

Some of the reading should be linked with the practical 
work which the children are called upon to do. The science 
teacher might well produce written accounts of experiments 
with conclusions and results which the children can read and 
study. Some of these accounts should have faults in method, 
in calculation and in argument. The children can read the 
accounts critically and try to correct them by carrying out 
the experiments for themselves to test the veracity of the 
article in question. To cultivate critical reading u an import- 
ant aim of education. 

The other point which arises from the first paragraph is 
this: the recorded practical work done by great scientists 
often provides good reading matter. It is desirable in school 
to encourage such reading. 

The project method* lends itself particularly well to this 
treatment, A group of children can work together as a team 
to investigate a problem scientifically. The group should 
appoint a leader and he, with the help of the teacher, can 
organise the work. This group may be doing some ecological 
work in connection with an oak wood. TWo children might 
survey the wood topograpliicaWy. Another tivo might divide 
it into lO-yard squares and plot the trees, with names, on a 
map. A further two children can plot the shrubs. Other 
children can map the ground flora. In tlus way the work 
proceeds and data is accumulated. With the help of the 
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teacher, the data is summaristtl and conclusions drawn 
where appropriate. It is obvious tliat more work is done this 
way than by children working individually in isolated units. 
What is more valuable is that die work has more purpose. 

Tlie children %vill be encouraged to read about the work 
tliey are carrying out- If the work is made interesting, they 
will want to read not only text-books but books written on 
spedfic subjects by experts. Text-books are all right for their 
purpose, that of providing general information in a compact 
form. Because of this, parts of tlicm arc usually dull. A text- 
book ^vriter can seldom be an expert on all the subjects 
covered in the book particularly if it is, for example, “A 
Text-Book of Physics”. It is good if the school can provide 
books on spedal subjects, understandable by children, but 
written by an authority. 

Time pven to reading in school should be very carefully 
considered especially in a subject like science, which is 
essentially practical. Science periods arc so fe\v that it seems 
a pity to devote portions of them to reading by the children 
when there is so much practical work to be done by the 
pupils and so many usrful demonstrations which can be 
carried out by the teacher. I would rather that children read 
about science in definite library periods and during leisure 
at home. 

Schools usually have a limited amount of money to spend 
on books. "When this is the case, it is far better to get a variety 
of sdence books than to get sets of 30 or 40 text-books of the 
same sort. Every secondary school should have a good 
library from wliicli clvildren can borrow books to read at 
home. The library* should have a good selection of sdence 
books (including some text-books). 

B. Talks and Demonstrations by the Teacher 

It is probably true to say that teachers in general talk too 
much. Whilst there arc occasions when teachers can usefully 
talk for about twenty iiunutcs to children while they listen, 
this is often overdone. The best lessons arc those where there 
is a tdnd of ebb and flow between teacher and children, where 
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the teacher and taught arc really part of an educative 
process. 7c is in an atmosphere of this fcmd that children 
develop in the best ^vay, 

^Vhen the science teacher gives a lesson he should go to 
great lengths to make tlic subject matter clear. Accuracy and 
precision are essential to sdence so that not only is it desirable 
to make a lesson clear so that the children sliall understand, 
but it is also essential to the nature of science to be lucid in 
explanation. 



Fig. a. Apparatus for the Laboratory Preparation of 
Hydrogen. 


A science lesson is illustrated in a number of ways. Fint 
let us consider the use oftlic blackboard. This is the teacher’s 
most useful visual aid. Tlic teacher can make drawings 
quickly and put in just what be wishes tlic children to see. 
That is tile advantage which the blackboard has over a dia- 
gram or drawing bouglit from a supplier. The teacher can 
build up his diagrams on the blackboard. This is a useful 
teaching method and as far as I knoiv there is no better aid 
in using the development method. 

Sometimes it may he necessary to prepare the blackboard 
diagrams before the lesson bepns because of the time taken 
up in its preparation. In this case I vrould certainly leave the 
labelling till the actual lesson and possibly some of the fine 
details. It is good to let a diagram *grow' whilst the class is 
present. 

Good lettering is essential for labelling dratvings. Practice 
in lettering will enable tcachere to make far better use of the 
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blackboard. When labelling a diagram let all the letters be 
horizontal and draw lines to the various items on the dia- 
gram (see illustration fig, 2 ). 

Although in adult work I would suggest that colour should 
be used sparingly, in the matter of teaching children there is 
a good deal to recommend the use of coloured chalk. Dia- 
grams and lettering appeal to children far more if they arc 
in colour. 

When a drawing or diagram is required for a number of 
lessons, that is the time to produce a permanent effort on 
card. It should still be simple. It is a waste of time to make 
elaborate charts because complexity often spoils their pur- 
port. Coloured Indian inks arc useful for the line work and 
poster colours for the flat washes. 

Science demonstrations often include the use of experi- 
ment. In considering the question of experiment there arc 
several matten to have in mind. 

In the fint place an experiment may be carried out by the 
teacher in order to show the children ho\v to carry it out 
themselves. It 1$ obvious that, in such a case, the teacher 
should employ an identical set of apparatus to that which 
they svill subsequently use. An important point is that the 
children should all be able to see dearly what is taking place. 
This is often diflicult with this type of demonstration, be- 
cause it is not lecture room apparatus which is spcdally 
meant for an audience. In the ease of demonstrating an 
experiment which the children are later to cany out it may 
be desirable to let groups of children come out to the demon- 
stration bench in turn to sec the stages in the development of 
the experiment. If this has to be done, then the children who 
arc not svatching the demonstration should be engaged in 
some other useful work appertaining to the subject. 

For large scale demonstration the teacher must spend a 
good deal of time thinking and dcsising experiments to make 
principles clear and to show chfldrcn the various types of 
experiments necessary to illustrate the numerous subjects of 
the sdcncc course. There arc many source* from which the 
teacher can get ideas for experiments. If he is a good teacher, 
he vdll work out some for bimsdT. The science teacher should 
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be sometliing of a conjurer, but unlike the conjurer he must 
explain his tricks. 

When carrying out demonstration experiments, the 
teacher should make sure that everything is in order before 
the lesson begins. So far as he can, he ought to be certain that 
the experiments will prove his points. The benclj can be well 
illuminated either by daylight or by dcctric floodlights. The 
background to the demonstration is important. It may be 
necessary to fiavc a white background or a black background 
to show up the apparatus to the best advantage. 

The general order and tidiness of the bench is important. 
NoUung looks worse than a demonstration bench littered 
tvith books and bespattered with miniature pools of water. 
Only have on the bench the materials and app.iratus relevant 
to the lesson in hand. The teacher should avoid having even 
his notebook on the bench. 

Demonstrations may also include the use of films, film- 
strips, lantern slides or the micro-projector. This is dealt with 
in Chapter la. 

C. ExPERIMENTAt, Work DY the ClttLOREN 
t. In THE Laboratory 

Experimental work by the cluldren should be carried out 
both in the laboratory and outride the school. 

Facilities for Iaborator>‘ w’ork vary according to what the 
particular school can offer in the svay of staff, laboratory 
accommodation and equipment. 

If the staffing is generous, it may be possible to arrange to 
have not more than 20 children for practical science. The 
class should be no bl^cr than this so that the teacher can 
not only supervise the cluldren satislHctorily, but also to 
enable him to get round to individual children to guide 
tliem in their work. When the usual size of classes in the 
school is about ^0, practical sdence is most usefully con- 
ducted m half classes. 

Laboratory accommodation is another problem. Tlib 
accommodation is not only concerned u’ith the size of the 
room, but also the furniture of the room. ^Vhen experiments 
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are to be carried out demanding gas or electricity points or 
sinks, the facilities arc linutcd by these matters. 

Equipment is another factor which complicates the 
matter of practical work, because some items of equipment 
such as bell-jars, pneumatic troughs, potentiometers and 
microtomes arc not usually there in sufficient numbers for 
all the children in a class to use them at the same time. 

Tile author has solved the problem in this way. By arrang- 
ing a large number of experiments so that individuals can 
carry out different experiments, it is possible to use apparatus 
economically. If the experiments arc numbered and if the 
children are given experiments to do which arc not bc>’ond 
ihdr capacity at the lime, the system can be made to work 
efficiently. When there is ample cupbo.ard room, the sets of 
apparatus for the different experiments can be placed in 
numbered cupboards together with sets of typed instructions. 
The list of experiments can indicate in which cupboard the 
equipment is to be found. If children arc canying out differ- 
ent experiments they rely more on their own abilities 
because they cannot copy others. This is a particularly good 
point in practical work. In Um system, the children can in 
the course of time cover all experiments necessary for the 
scheme of work. 

In arranging practical work, it is desirable not to make 
experiments elaborate. If the experiment elucidates the 
principle it is desired that the children should understand, 
that is sufficient, if that is the purpose for which the work is 
intended. 

This leads on to the subject of the types of experiments. 
In general it can be said that experiments arc of five kinds. 

1. An experiment to illustrate a principle. 

2. An experiment to find a numerical result. 

3. An experiment to produce something. 

4. An experiment copying an experiment carried out by 
a famous sciendst. 

5. Original work. 

In the case of the experiment to find a numerical result 
it is desirable to allow the children to use apparatus suffi- 
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ciently good to enable them to get a reasonably accurate 
anstver. This is important if they arc to realise the import- 
ance of accuracy in scientific work. In experiments of this 
kind, the teacher should point out the source of error. 

Experiments to produce things include such experiments 
as the preparation of chemicals, the pressing of flowers, the 
making of microscope slides and the making of an electric 
motor. In all this work, it is important to insbt on a good 
standard of achievement. This can be facilitated by using 
good equipment and materials and by ensuring that the 
work is within the capacity of the children. 

Bdbre carrjnng out such work, the teacher should cjqjlain 
the process carefully and he should tell the children ivhere 
they are likely to go ^v^ong if they are not sufficiently careful. 
Where possible, tlie teacher should demonstrate the process 
so that all can see clearly. 

Sometimes it is desirable for children to imitate the work 
of a famous scientist in one of his e-xperiments. Quite often 
the apparatus may not look rimilar, but it may act in the 
same way. The value of such experiments lies in the feeling 
the children arc likely to have for the scientist who has 
carried out tlie experiment as original work. A visit to the 
Science Museum or Royal Insdtution, London, would act as 
a stimulus to this kind of experiment. 

2. In the Field 

It is desirable that children should do a certain amount of 
original work. Much of this will be related to field work 
because the chance of children finding anything new in 
Physics or Chemistry is remote. There arc, however, oppor- 
tunities for finding out new knowledge in the realms of 
ecology. The thrill of disaivery pves zest to the pursuit of 
knowledge. Children, like sensible adults, enjoy exploraU'on. 
Fields of exploration differ, but the zest of discovery in all 
cases depends on finding something which was unknown to 
man before. If we encourage this in children, there is a good 
chance that they will grow into adults who are desirous of 
extending knowledge. 

. This type of work encourages good reading and the pursuit 
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of references. To find out if knowledge is really new, you 
have to consult works of reference to dctcrnunc if anyone has 
made the discovery before. Books have also to be read in 
order to improve methods of discovery. Practical techniques 
have to be perfected. You may have guides, but eventually 
you have to think for yourself because no one has trodden 
that path before. It is all most stimulating. 

CWldren in the past have spent far too much time in 
school buildings. HappSy we arc beginning to realise that 
educadon is concern^ with the full life, not wth the rarefied 
atmosphere of the classroom or library alone. Consequently 
we find that teachers now take classes of children out of 
school during school hours for other purposes than games 
and visits to the baths. At present the efforts arc rather 
timorous, because teachers tend to be conservative in their 
methods and parents are apt to think that children should 
be confined to the school buildings during school houn. 

Outdoor practical work in science is concerned with 
nature and svith man's adaptation of nature. In the former 
case the children should carry out the ecology of areas as 
nearly i^old as can be found tvithln a reasonable distance of 
the school. This is not easy in a dty for obvious reasons. 
However in these cases there should be opportunities through 
school journeys and school camps. The best regions for 
ecology of wild places arc woods, moors, some commons, 
bogs, lakes, ponds and the seashore. It should be part of the 
aim of the teacher of science to include as many of these 
types as possible in the sdcnce course. 

Then we ha\x such subjects of study as farms, canals, 
rail\vay embankments, tips, hedgerows, grass verges, the 
ecology of ruins (old and new) and the flora and fauna of 
reservoirs. 

All the above arc concerned vrith ecology and require a 
knowledge of ecolo^ca! methods. 

These methods can be studied in the books given at the 
end ofthe chapter.* They should include soil testing, making 
transects of various kinds, water sampling, measurement of 
humidity and preparing an ecological herbarium. 

The children should also learn how to collect insects* 
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using the beating Iray, the "sucker”, the sweep-net* and the 
butterfly net.'^ Methods in setting out insects in boxes* 
should also be given. Hdp in identification will be neces- 
sary. 

Identification is not easy. In the case of insects it is best to 
learn how to recognise the various orders first. After that 
cl)ildrcii might learn to tccognUc families and the genera. It 
is more scientific to proceed in dm way rather than to try' to 
spot an insect in a book by the mechanical method of turn- 
ing over the pages until you find its likeness on the printed 
page. 

Plants can either be pressed or preserved in special ^vays* 
according to requirements. It is necessary in making a 
herbarium to get complete plants svith roots and to arrange 
the plant in as natural a way as possible on the sheet. A word 
of caution should be given in the case of rare plants. These 
should not be taken up by the roots. A flower and leaf can 
be taken with safety. 

When any plant or animal is brought back to the labora- 
tory, full details should be brought as well, including habi- 
tat, date, name of collector and geographical area. 

Tlie Oology should also include bird study** and insect 
migration studies.** Direct ob$erv.ttion of birds and insect* 
often produces useful information. The study of birds should 
encourage the love of birds. 

Children with cameras may be encouraged to take some 
ecological photographs. Although these arc considered to be 
difficult, I think some efforts should be made. If there are 
any short focm cameras then close-ups of plants or even 
butterflies might be attempted. 

The work in the field sliould be correlated with that In the 
laboratory. I will give some examples. Samples of soil can be 
brought in and tested in various ways. They can be weighed, 
then allowed to dry in the air, tiicn heated and finally 
calcined. The diflcrcnces between these give values for the 
followng kinds of soil water respectively: (a) Available 
water, (6) Hy^oscopic water, (f) Capillary water.** Soil 
can be extracted rvith Morgan’s reagent** and tested for 
various elements. An aqueous solution of soil can be tested 
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for />H.“ An extracting mechaimm which I have perfected 
is illustrated in fig. 3. 



Fig. 3. Apparatus for treating soU with Morgan’s Reagent. 

Samples of soil can be spread out on damp blotting paper 
to see if there is an/ seed germination. The plants that grow 
can be transferred to seed boxes and later identified. 

The animal life can be extracted from the soil cither by 
pladng the soil in a fish kettle svith a perforated bottom over 
a bucket of boiling water when the steam will drive the 
animal life to the surface or by the use of the Bcrlcse-Tullgren 
funnel.^* In this apparatus (see fig. 4) the light and heat from 
the lamp encourage the small life, mostly Collcmbola, to fall 
into the alcohol. 

The soil can also be tested for general composition 
including rough proportions of clay, sand and humus.“ 

Some grasshoppers lay their eggs in bare soil and some in 
grassland. Since the eggs hatch out in May, it is a useful 
experiment to bring in samples of soil in March and place 
them in vivaria. Then when die grasshoppers hatch out it 
should be possible to divide them into the two groups of 
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those that lay eggs in bare soil and those that lay eggs in 
grassland. It is necessary to observe where grasshoppen spent 
most or their time in the previous year in order to tell >vhere 
to get the soil from. Another experiment with grasslioppcrs 
would be to see if they would change colour with their sur- 
roundings. Chorihippas 6ico(or exists in sucli colours as red, 
brown, green, and yellow. Tiicse could be put respectively 
in vivaria where surroundings were red, brown, green and 
yellow to sec if a group of grasshoppers of different colours 
would all change to the colour of the particular vivarium. 
Probably the simplest way to get different colour effects 
would be to use different coloured glasses. The only trouble 
here might be that the health of the grasshoppers would be 
affected. Alternatively the interior of the vivarium could be 
painted a particular colour, but tlien we should always have 
to have grass which tvas predominantly green. 



I have indicated ttvo kinds of coirclation bemeen field and 
laboratory. There arc many other examples which should 
occur to the active teacher. 
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Part of the science work should involve visits to such places 
as water works, power stations,” gas works,” textile fac- 
tori«, foundries” and so on. Before children go to these 
places they should have prdiminary lessons and if possible 
they should see a plan of the place they arc going to visit. 
It is desirable that the teacher should visit the place before 
the cliildren so that he vdll know exactly what they are likely 
to sec. 

"When the \nslt is made, the group should be small enough 
for all to hear what the conductor is saying. Care should be 
taken to ensure that nothing on the visit is beyond the mental 
capacity of the children. So often the talk can become very 
technical and unintelligible except to the specialist. It is also 
important to sec that the matter covered in the visit is not too 
extensive. Too much information at a time tends to produce 
mental indigestion. The visit should be followed up with 
appropriate lessons. Visual aids are often a help; it may be 
appropriate to bring samples of materials, pamphlets, and 
charts There are occasions when it is possible to show Blms 
or film strips about the visit.** 

The goed science tesebet develops his own methods to 
suit his skill and ability. Some teachers can make better use 
of certain methods than others. There are no golden rules to 
successful science teaching. I have given guides, it is ncces- 
saiy for the science teacher to perfect techniques peculiar to 
himself. 

3. Practical Work, with a Class of 30 to 40 
Children 

Sometimes it is not possible for a teacher to have less than 
30 children for science lessons. Under such conditions, a 
teacher may feel that it is impossible to allow the children to 
carry out practical work. However, to take such a pessim- 
istic view is unfortunate for it is to deny the children an 
£?pportva/ty fo do sdence as it should be done. Unless cfiif- 
dren carry out experiments for themselves, they will never 
get to know what science really is. 

The consdentious sdcncc teacher will consequently devise 
m«ns of overcoming the difficulty of a large class. He will do 
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this in a number of ways. In the first place he will work out 
a series of experiments requiring only simple apparatus to 
demonstrate the principles he ttdshes his pupils to assimilate. 
To this end he will invent techniques using such articles as 
jamjars, tcst»tubcs, cardboard, metal clips, plasticine and 
dowel rods. This sort of thing will bring out the ingenuity of 
the teacher and with a good teacher it will also bring forth 
ideas of experiment from the children. For the pupils to 
make suggestions about experimental methods is of sound 
educational value. 

Another point is that the experiments should be easily 
carried out, preferably in one lesson. Tliis is not the same 
matter as using simple apparatus though it is sometimes 
related to the simplicity of the apparatus. 

A third point concerns the giving out and collecting of 
materials and apparatus. In many Secondary Modem 
Schools there is no full lime laboratory assistant and this 
being so, the teacher will perforce have to ivork out methods 
for the quick giving out and coUcction of the materials and 
apparatus which the pupils tvill use. Thb involves an iniellU 
gent use of cupboards (related not only to sizes of cupboards, 
but also to proximity to the pupils* posttiorts). It is partic- 
ularly necessary to have sets of glass tubes bent for special 
purposes fitted wlicre necessary with corks. These latter 
should in (uni fit the flasks and test-tubes in use. If the labor- 
atory is small in size for Uic classes that occupy it, then it may 
be neccss.ary to use small scale apparatus, substituting for 
example 4 inch by r } Inch specimen tubes for gas jan, and 
dinunutivc deflagrating spoons for the stand.ard size articles. 

It is important to realise that eincicncy of apparatus is 
entirely imrchifed to its size. In the me of chemicals it is Ixjth 
economical and good scientific (raining to use sm-ill qu.in- 
tilics svhcrc possible. 

With large ckisses, it is necessary for the children to svork 
in groups either because (here Is not enough apparatus tf' S® 
round or because the room is not big enough for each cliHd 
to ha\-c a set of .apparatus. In this there is .a danger that one 
enthusiastic member of each group svilJ do the s>*ork where^ 
the other members will do very little. This can be oln’iated 
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by having equal groups say of tlir^ children and numbering 
them 1, 2 and 3. If each group will carry out one experiment 
during the lesson, then the teacher can specify that No. i in 
each group carries out stage 1, No. 2, stage 2 and No. 3, 
stage 3. This ensures that all the children taVe their full 
share in the work. 

If on the other hand there arc three different experiments 
to be done during the period, then No. 1 can do the first. 
No. 2, the second and No. 3, the third. 

In conclusion, the children should all be observed by 
the teacher from hb desk or bench. This is most important 
not only for giving instruction but also to avoid accidents 
which can easily occur, particularly if some bench positions 
cannot be observ’cd by the teacher from his bench. The 
author is not suggesting that the teacher should remain in 
one position during a practical lesson. The teacher's power of 
control over the class should be such that the children go on 
working satisfactorily when he is walking round and giving 
individual help where it is seeded. 

Summary 

A. Reading. 

B. Talks and Demonsiratlons by the teacher, 

C. Experimental work by the children. 

1. In the laborator>'. 

2. In the ‘‘field” (considered in Its widest sense as the world 
outside of school}. 

3. Practical work with a class of 30 to 40 children. 

Refere.S'CEs (Chapter Three) 

^ See appendices i, 2, 3, 4. 

* Sec chapter ii. 

> ScUnte Mastns' Book: Series I, Part J~PAjstVs and Part II — 
Ckmuli^ (S Bioloif; Series 11 , Part 1 — Phjsia and Part II — 
Chmul^ & Bioh^; Series III, Part l—Pkjsia, Part II — 
Chemistiy, Pan III— and Pan TV—Experimaitsfor Modem 
Schools (John Murray). 

G. Fowles, Lecture Esperimenls in Chemishy (Bell), 1947. 

Tecehins of Setente in Secondaij Schools, pages 279, 280 (John 
Murray). 
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* Books on Ecologi'ca? Methods; 

W. Leach, Planl &chgy (Methuen). 

H. Drabble, Plant Ecology (Arnold). 

R. Bracher, Ecology in Town and Classroom (Arrowmilh). 

R. Bracher, Field Studies in Ecology (ArroH-smilh). 

R. C. McLean and W. R. Iwmey Cook, Practical Field Ecology 
(Ahcn and I 7 nwfn). 

A. G. Tansley, fniroduetion to Plant Ecology (Alien and Unwin). 
C. Rlton, Animal Ecology (Methuen). 

Cl Elton, Animal &ology (Sidg>vick and Jackson). 

* Britbh Museum; “Notes for CoUcctors'Insccts.” is. 6d. 

* L. G. F. Waddington, AfaJting a sweeptul (Amateur Ento- 
mological Society). 

’ Journal of the Amateur Enfomolo^iMl Sonrfy, Vol. 5; No. 38. 

4s. 6d. 

* B. A, Cooper, Setting Lepidoptera (Amateur Entomolopcal 
Society). 

* See Biological Techniques (chapter 6, section A 5 ); also H. S. 
Tliompson, How to collect and diy fiowering plants and ftms (Rout- 
ledge). yd. 

Bird Study: sec BuUcuns of the British Trust for Omithol- 
Banbury Road, Oxford. 

** Migration Studies of Insects: see C. B. Williams, ButUrJly 
Migration (Daily Malt School-Aid Publication). 

** Leach, Plant Ecology, pages 69-71. 

M. F. Morgan, 1941, ‘'Chemical soU diagnosis by the 
Universal soil testing system”. Conweticuf Agr. Exp. Stn. Bull. 450; 
also Symposium in Soil Science, Vol. 59^ No. i, 1945 ’ 

** See Leach, Plant Ecology, pages 69-71. 

** N. Haari^v, “A New Modification of the Tullgren Appar- 
atus”, Journal of Animal Ecology, Vol. 16, No. a. 

* * See Leach, Plant Ecology, pages 69-7 1 . 

Films: “Planned Electrification”. 16 sd. Mciro-Vick. Free 

hire. 

“Power for the Highlands." 16 sd. C.F.L. U.K. 432- Loan 
charge. 

Film; “The Manufacture of Gas.” i6 sd. B.C.Gu\. Free hire. 
Silent film: “Wilson’s Forge". Ministry of Education Visual 
Unit. 

*® Examples: (a) Gas U'erks. 

Products of the Gas Industry. These could be obuined at one 
time from the British Gas Assanatttm. 
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Films on Gas Production; pamphlets, charts, and booklets 
from the British Gas Council, t Grosv’cnor Place, London, S.W.i. 

(b) The Nickel Induslrj. 

Films, specimens, film strips and diagrams may be obtained 
Jrom 'ihc Afond Nickel Co. Led, Thames House, Millbank, 
London, S.W.t. 

(c) Leather Industry; special mailer relating to the depredations 
of the Warble Fly. 

Specimens and charts may be obtained from The Hide and 
Allied Trades Improvement Sodety, 75, Burdon Lane, Chcam, 
Surrey. 



CHAPTER FOUR 


SYLLABUS MAKING 

A. Background Science 

■Various bodies have fr^ SciiSs WMst it is useful 
syilabuscs for Secondary Modem S • [, for a 

Shave a basic planet .sfooMh^»J«do«n^ ^ 
typical Secondary Modem , happily no such 

jLber ofreasons In ‘"= ^‘fi'oSol. SecoUy the 
riling as a out of the interests and cii- 

schemc should pritnaisly g jijaular school. Thirdly it 

vlronment of tlie clnldrcn in p oip„cnt, teacliing 

must to some Blent dfP'jf^^^ola? school. 

Staff, and size of classes m P Secondary Modem 

Let U3 consider these m examinations 

School courses are not P^^^j^EduMLion they have no 
such as the General be a good thing, 

excuse for conforming ' ^nies a bad thing. It 

but on the other hand ■■ snitable for rirat par- 

in that the ,ba hands of a 


the school can moKc a . ^^ff „hich 

school. It ‘2" Si, bn best of circumstances, 

acts enterprise. A good resistance. For the latter. 

3Ut a poor Staff takes the Un j examinaUon might 

,omc discipline such as an externa 

DCgood. nut of the interests and environ- 

Tlic sdiemc should arne , . chapter 2, the scheme 

meat of the children. M ' ■"''.^“'^■a'‘rt. H„bW«. the Work- 
nan be based on The ^ ,pe Garden, the FR™ 

shop. Health and the H"™" ^ ioplcs can be nnentated 

and tlic Countryside, ^otmd * P to a par- 

^lSmtmrschoolinS«;^»“a- f„„ , 
L"ri.X»taldtcpl.in. ■ 
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Film on Gas Production; P“’P’’’'“’ M 

torn the Brimh Gat ConncU, . Grotuonor Place. London, S.W.t. 

ii:€f3Msr,=.“>s=; 

^(c) Lea!}^ Indtijtjy: special malter rdating to the depredations 

charts may be obtained from 'Htc 
Allied Trades Improvement Society, 75. BuriJo" 


burrey. 
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Cliildren arc interested in colour which leads quite natur- 
ally to Nnsion, camouflage and man*s use of colour. Vision 
involves not only the consideration of the eye, but also the 
construction of lenses and the nervous sjistem. Camouflage 
is of a number of types. There arc examples of liarmonising 
colours, contrasting colours, offensive coloun and other 
devices. It is rather interesting to show how nature's methods 
of camouflage have been used in warfare. Man has used 
colour very widely both in a utility sense and for decoration. 
The subject of transmitted and reflected light should be 
introduced here. Such items of scenery as the seashore, sand- 
dunes, rivers, ponds, pine woods, oak woods, bogs, hcatlu and 
moors can with advantage be utilbed in the scheme. These 
provide good fields of exploration for ecology and for the 
study of plants and animats. 

Iflcal industries suggest avenues along which science can 
be pursued. Mining, railway wagon works, iron foundries, 
gloss-making and many more industries offer great scope for 
science. 

R.'iilways, tramwa>’8, buses, cars and other means of trans- 
port provide further examples suitable for coosideraUon in a 
science co\irsc. 

Then we have the sky with its clouds. A study of the sty 
may go beyond the confines of the earth’s atmosphere to the 
moon, (he planets, the sun, tlic stars and the nebulae. 

The iiousc provides a great deal of scope for lines of 
development in the science scheme. Such mailers as the 
structure of the house, strength of materials, materials for 
decoration, food, clc.-ming, fuel, supply scnices, windows, 
ventilation and care of materials suggest themselves. 

The school garden should prondc specimens for the study 
of plants and animals under the specialised conditions to be 
seen in a garden. Here arc a certain number of controlled 
conditions such as soil, watering, absence of weeds, prum'ng 
and grafting. 

Fanns provide material for the study of the growth of 
crops, the raising of stock and the production of milk and 
eggs. On good farms, the children can see how the firmer 
controls natural law in order to get the best results. Tlic 
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Since %ve are in the Romantic stage so far as science is 
concerned in the Secondary Modem School} it should arise 
out of environmental interests. Science must by its nature be 
factual; hence it cannot rdy on imagination. The science in 
the S«^ndax>' Modem School should consequently be bas^ 
on facts which arouse the interests of childrcn- 

Children have a natural desire to collect things. This 
desire be made use of fay arranging for them to collect 
plants, insects, leaves and so on. They can collect the plants 
and examine them. Specimens of plants can be pressed and 
a school herbarium formed- Insects can be collected and 
sorted out into their orders. The insects can be suitably 
preserved and stored- Leaves can be collected and leaf 
prints made. Shells be collected and examined, ^^uch 
of the biology course can arise from collected material. 

This matter can be pursued further. IVTjcn children collect 
natural history spedmens they should note where they got 
them from; the date and gec>gTaphical situation are also 
important, and the name of the collector should be recorded. 
By spedal mapping so that positions of discoveries can be 
noted much usdul biology can be carried out. 

BaiT have a particular interest in anything that moves 
whether it be a beetle or an aeroplane. From this natural 
interest in locomotion, a whole host of scientiSc matter arises. 

^^'ith the movements of natural objects, which usually 
means the locomotion of animal life, the boys can compare 
the movements of various forms of aquatic life such as the 
sticUeback, the caddis-vvorm, the plaice, the water spider, 
the \s*atcr-bo2tman and the octopus. In considering terres- 
trial life they can compare the movements of dogs, rabbits, 
snakes, lizards, centipedes and birds. There is alsn aerial 
movement to consider in such as the bat, the swallow and the 
butterfly. 

In mechanical things, bcr>‘s have an interest in aeroplanes, 
steam locomotives, cars, kneydes and ships. All these give 
picnt)' of scope for scientific vmrk. Such matters as mech- 
anical efficiency, the application of levers, the uses of gears, 
foe power supply, friction and lubrication, methods of cool- 
ing and methods of control suggat foemselv®. 
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Children are interested in colour which leads quite natur- 
ally to vision, camouflage and man’s use of colour. Vision 
involves not only the consideration of the eye, but also the 
construction of lenses and the nervous system. Camoufiage 
is of a number of types. 'ITiere are examples of harmonising 
colours, contrasting colours, offensive colours and other 
devices. It is ratljcr interesting to shosv how nature’s methods 
of camouflage have been used in warfare. Man has used 
colour very svidely both in a utility sense and for decoration. 
The subject of transmitted and reflected light should be 
introduced here. Such items of scenery as the seashore, sand* 
dunes, rivers, ponds, pine woods, oak woods, bogs, heaths and 
moors can with advantage be utilised in the scheme. These 
prowde good fields of exploration for ecology and for the 
study of plants and animals. 

Local industries suggest avenues along svhich science can 
be pursued. Mining, raihvay wagon works, iron foundries, 
glass-making and many more industries offer great scope for 
science. 

Raihvays, tramways, buses, cars and other means of trans- 
port provide further examples suitable for consideration in n 
science course. 

Then we have the sky with its clouds. A study of tiic sky 
may go beyond the confines of the earth’s atmosphere to the 
moon, the planets, the sun, the stars and the nebulae. 

TIjc house proridcs a great deal of scope for lines of 
development in the science scheme. Such matters as the 
structure of the l)0usc, strength of m.'itcrials, materials for 
decoration, food, cleaning, fuel, supply services, uandou's, 
ventil.ation and care of matcriab suggest themselves. 

The school garden should proridc specimens for the study 
. of plants and animals under the specialised conditions to be 
seen in a garden. Here arc a certain number of controlled 
conditions such as soil, watering, absence of weeds, pruning 
and grafting. 

Farms provide material for the study of the growth of 
crops, the raising of stock and the production of milk and 
eggs. On good farms, the children can see how the farmer 
controls natural la\« in order to get the best results. The 
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best results are measured not in tenns of qmck production 
of quantity, but in quality product as a long taro pdUcy. 

In the foregoing I have tried to show bow' the enWronraent 
can prervide adequate material for the sdcncc 5>'Uabus. All 
school cn\Tromn«its arc rich in items ofsdcndfic importance. 

Experimental work which can be done in schools is to 
some extent limited by staCing, size of classes, accommoda- 
tion and cquipmcnL &hools s-ary considerably in these four 
factors. 

Staffing and sac of classes can best be taken together 
became to a large degree one controls the other. Staffing is 
not just a numerical matter, for a teacher of sdcncc should 
be trained in sdcncc, consequently the science teacliing 
should be confined to those manbm of the staff who are 
wnqjctcnt to teach the subject. If classes are diwdcd for 
practical science in order to get a maximum size of 20 it is 
n«cssar>' for the remainder of the class to be taken by some- 
one. This other teacher need not be a sdcncc teacher. IVllh 
classes of 40 or cn.*cr, practical work fa>’ the children must by 
oagenq- be on the small scale. Anj* large-scale work will 
have to be carried out as a demonstration b)’ the teacher. At 
the present rime, this have to be the method in some 
schools. 

Accoiainodation Is another variable factor. Seme schools 
are wdl equipped svitb well-appointed laboratories, bat 
others are poorly equipped. Thcie is man^* a school where 
sdcncc is taught that not only has no laboratory, but pos- 
sesses no room fitted with a water-lap, sink, gas-point or 
dectridty, Yef the teachers have to make the best of these 
conditions, ilan)* of these difficulties ran be overcome by the 
cnicrpiisng leader. He may use an aspirator with tap as a 
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being too elaborate becomes too expensive. It is foolish to 
5>vallow up the allo^vancc by spending it on unnecessarily 
expensive apparatus. As I shall endeavour to show in 
chapter 7 , a good deal of apparatus can be made which is as 
good and sometimes better than apparatus bought from 
dealers. Good teachers will invent types of apparatus to 
demonstrate certain principles or to carry out certain jobs, ’ 

The Concentric System has much in it to receive appro- 
bation. In this s)'stem, the topics, the Home, Transport, the 
IVorkshop, Health and the Human Body are considered 
each year, but in a different way. This provides an opportun- 
ity for the rCNUsion of work done in previous years and of 
canning out new U'ork. Such a system provides a framework 
for the science course wliich is of real value to the children. 
In treating the Countryside, in the first year some common 
trees, birds and flowers may be considered. Then in the 
second year we might consider the life histories of some 
common insects. In the third year ponds may be studied and 
in the fourth year the children could do some simple ecology. 
By this means the children should be able to see the inter- 
connections of science. 

Health and Human Physiology arc important subjects. 
They arc our immediate environment, the environment 
which Is ahvays with us. It is su^csted in the first year, the 
skeleton be considered. Since this is the framework of the 
human body it is desirable to deal with it fint. This can be 
followed by a study of Nutrition, Nutrition should include 
tlie digestive system, food values, food storage and food 
preservation. The digestive system can be treated quite 
simply. It is desirable that children should know something 
of food values. Even today there is svidespread ignorance of 
food values. The chfldrcn should know something of the 
introconvcrtibility of carbohydrates and fats. They can be 
introduced to the subject of proteins and told that whereas 
carbohydrates and fats are not required specifically, this 
flexibility does not apply to proteins. There are certain 
protdns which the body must have. 

It is appropriate here to introduce Vitamins, and I hope 
the alphabetical lettering of vitamins will be subjugated. 
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There is nothing mysterious about the lettering of vitamins. 
These letters were just put in as temporary labels. Children 
should be told that in many cases we know the structure of 
vTtamins and can make them artificially. They are akin to 
enzymes. It rather appears to me that vitamins and enzymes 
help to control metabolism and that is their function. This 
conception, which I believe to be true, is quite simple in its 
principle. 

A knoivledge of food storage is interesting. Plants store 
food in their Icavcs'and stems and often in their roots, as in 
carrots, turnips and parsnips. Plants store their food in an 
insoluble form. Now just as plants take care in the storage of 
food so SVC has'c to take care. kVc store potatoes in damps, 
beef in refrigerators and fruit in an atmosphere of carbon 
dioxide. This is a very interesting subject* which should 
reedve more attention in schools than it does at presenL 
The preservation of food follows from food storage. In the 
home we preserve fruit in bottles in various ways. In fac- 
tories vegetables, meat and fruit are canned. hClk is pre- 
served and purified temporarily by pasteiirisation and 
sterilisation. Some foods are dried, as sultanas and figs, in 
order to preserve them. In the science course we should aim 
at rcs'caling the underlying scientific prindples. 

In the first year of the course wc might treat the allied 
subjects of drculau'on and zespiration. These can be illus- 
trated b)' models,* apparatus* and films.* Some microscopic 
work like looking at the capillary circulation in the webbing 
of a frog’s foot or in a young tadpole is helpful. This might 
well be compared with the flmv of protoplasm in elodca. 

During the second year, circulation, respiration and 
nutrition can be done in more detail. Something may also 
be work«i out in connection with elimination.* The four 
methods of elimination by the body can be enumerated and 
considered in turn. There is elimination from the large 
iniesiine, sweating from the skin, expiration from the lungs 
and finally excretion through the kidneys. All these arc worth 
considering. In the case of eUmination of faeces and passing 
of urine, it is useful to consider how these are disposed of in 
our modern town planning system. Can sewage disposal be 
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improved so that valuable nitrogen and phosphorus are not 
lost? 

The third year may be devoted to the nervous system and 
the senses. These arc best left to the third year because they 
arc probably more diflicult to understand than the other 
subjecU I have enumerated. Since electricity will be con« 
sidcred in connection with the home in the same year, the 
electrical system of a house may be compared to electrical 
impulses in the nervous system. Many useful experiments can 
be devised to show various points about the nervous system.* 
There are also good experiments to illustrate the uses of the 
senses.’ 

The founh and last year may be devoted to a study of the 
general integration of the parts of tlic Human Body. This is 
important, because the body works as a wJiole. Trouble in 
one part of the body tends to throw the whole body out of 
alignment. 

Tlrere should also be consideration of the social aspects of 
human biology. Happy family relationships can be considered 
in contrast to the misuse of the bodily instincts in such matters 
as drinking, eating, scx*perversions and so on. Considera- 
tion may be given to the interactions between the environ- 
ment and the individual. Social progress is usually measured 
in terms of improvement of the environment for as many 
people as possible. Such matters as better housing, the pro- 
vision of open spaces, (he National Health Service, and 
National Insurance arc all designed with this in view. 

This progress is offset by errors and malpractices on tiie 
part of many people. We have soda! evils which at the wont 
lead to war, pestilence and famine. These are matters which 
should concern all. 

Sex education should be treated here. If cluldren do not 
get the education whilst at school, they are not likely to get 
it later on. Teacliers should not shirk their duty in regard to 
this, but the subject should come into normal school routine 
not as a special course. 

Nature employs two sexes so far as human beings arc con- 
cerned and therefore in order to continue the species, 
metliods have been devised by Nature for attracting the 
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maJe and female towards one another for the purpose of 
setting up a famil)' unit. This is a special kind of emHron- 
mcnial influence. The method of treatment here, briefly 
touched upon, should be simple and direct 

Thcrcshouldbcsomelessonson the sexual devdopment of 
both boj-s and giris. It may be neccssar)' to have them in 
separate dasses for these lessons, though this is doubtful. 
But each sex should know about their osvn dc%'elopment and 
that of the other sex. It is difficult to justify not giving chil- 
dren a fundamental knowledge of the development of their 
own bodies, though there arc still people who believe in 
withholding such information. 

The last subject which should be considered in this con- 
nection is sexual sdcction. Children can learn something of 
sexual selection in animals. They can hear how farmers 
make use of selection to improve their cattle and sheep. This 
can be applied to human bdngs as a simple study in eugenics. 
It is important because it has such a profound effect on 
human development, generation by generation. This intro- 
duces the children to heredity and the comparison of nature 
and nurture. 

In this chapter on Syllabus Making it is impossible to 
consider cvcr>' posrible subject for the curriculum. I have 
just indicated lines along which it can be worked ouL 

5T1.1.A8USES FOR THE C AND D StREAUS 

This appean Co be the place to consider the scheme for 
the C and D children. May I surest a seasonal basis for (his, 
with necessarj* additions where required? 

In the first year the following arc suggested.* 

AUTUMN TERM 

fnals end Sttis 

1. Talc a broad bean to pieces and see what it is made of. 

2. Grow a broad bean and observe what happens. 

3. doo it need in order to grow? — AVater; heat; 
air; light. 

4. ANTiat docs it need in order 10 make green leave? 
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Movement 

I. How do we walk? 
a. How docs a beetle walk? 

3. How does a dog walk? 

4. How do we make a bicycle go? 


Sound 
Tlic Piano 

How do animals keep warm? 

1. Coats of fur. 

2. Coats of feathers. 

3. ^Vhy do snakes have scales? 

4. Why do fishes have scales? 

5. Why do wc only have fine hairs? 

6. Why do some animats go to steep in winter? 

7. How does blood make us warm? 

8PRIKO TERM 

Winter Ttvigs 

1. What are the roots like when a twig grows in water? 

2. What do roots do? 

Crystals 

1. How can we make some crystals of salt? 

2. Other hinds of crystals such as washing soda and dia- 

monds. How do they difTcr? 


Light 

1. The movement of the sun in the sky. 

2. Hie light from the moon 

3. What does a plane mirror do? 

Heat 

1. The gas stove 

2. What happens when water btuls? 



50 SCIENCE TEACHINC IN CTC»NI>ARY MODERN SCHOOLS 

Birdi 

1. The song of birds in spring time. 

2. The nests of birds. 

SUMMER TERM 

ComTnunities 

1. The School Garden 

2. The Pond. 

Shapes — romd 

1. Experiments with a ball 

2. Experiments with soap bubbles. 

3. Why is the earth roughly round? 

4. ^Yhy are gramophone records, wheels, plates and 

lubes round? 


Colours 

The rainbow — how is it mad^ 

Ifueeti 

1. How to keep insects. 

2, The Life History of the Cabbage White Butterfly. 

Then in the second year we might try the following 
scheme: 


AUTUMN TERM 

Fruits and Seeds 

1. Germination. 

2. Observations on peas, beans, maize and mustard. 

3. Response to light. 

4. Response to grawty. 

Movement 

1. How docs a fish swim? 

2. How does a duck swim? 

3. How docs a frog swirn? 

4. How do we swim? 

5. Wliy does a boat float? 
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Sound 
The flute. 

How do animals eal? 

1. The rabbit 

2. The cat. 

3. The fish. 

4. The chicken. 

5. Ourselves. 


SPRIHO TERM 

Winter Twip 

1. Leaf scars 

2. Annual rings. 

3. The opening of the winter bud. 

4. Why do leaves fall from some trees in the Autumn? 

77te Air 

I. Oxygen: the gas we breathe, 
a. Nitrogen: the gas which dilutes the oxygen. 

3. Carbon dioxide: the basis of food production. 

4. Water vapour; the water which is essential to all life. 

Light 

1. The magnifying glass. 

2. Spectacles: why they are worn. 

Heat 

1. Expansion — examples. 

2. Change of state — melting and freezing; vaporisation 

and liqudaction. 

Birds 

1. How do we recognise common birds? 

2. How to watch birds. 

SUMMER TERM 

. CommaniVtM 
The Wood. 
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Shapes — Q'lindncal. 

1. Worms. 

2. The boiler of a locomotive. 

3. Pipes. 

4. Snaics. 

5. Stems and roots. 

Colours 

The colours of flowers. 

Insects 

1. 'Where to End insects, 

2. The life history of the click beetle. 


The third year scheme might be as follows; 

AUTOUK TERM 

FrviU and Seeds 
t. Kinds of fruits. 

a. Fleshy fruits and dry fruits; why do they differ? 
Motement 

1. Ho\s’ docs a pigeon fly? 

2. How does a dragon-fly fly? 

3. How does a bee fly? 

4. How docs an aeroplane fly? 

5- Ho>v does a helicopter fly? 

Sound 

The trumpet. 

I Vfiat kinds of foods do animals eat end u/fy? 

1. The rabbit. 

2. The cat. 

3. Fishes. 

4. Chickens. 

5. Ourselves. 
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SPRING TERM 

Bulbs and Cams and Spring Flawas 

1. Snowdrop. 

2. Crocus. 

3. Daffodil. 

4. Tulip. 


iVaUr 

1. Hydrogen. 

2. What is water made otr 

5. Animal canals. 


Light 

The microscope. 


Production of heat— The Sun. 

Mammds 
The cow. 


SUMMER TERM 

Communilus. 

The Lane. 

Shapes~-J!<il- 

1. Leaves. 

2. Table tops. 

3. ^Vindow panes. 

4. Seales. 

5. The hand. 

Colours 

The colours of insects. 
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Insects 

1. The parts of an insect. 

2. The life history of a house-fly. 

ElectricUje 

1. The liousebold wiring sysicm. 

2. Tlic electric iron. 

The fourth and final year might contain the ftf/owiag 
items: 


AUTUMN TERM 

Fruits and Seeds. Dispersal of seeds. 

I. Wind. 2. Birds. 3. Self dispersal. 4. Water dispersal. 

Rtprodiselion 

i. Flowering plants. 2. Bees. 3. Poultry. 4. Rabbits. 
5. Human beings. 

Sound 

1. The drum and the xj’Iophonc. 

2. The ears. 


Dones 

1. Exaimnation of a sheep’s skull. 

2. The backbone. 

3. The shoulder girdle. 

4- The pelvis. 

5. The bones of the limbs. 


%rRlNC TERM 

A/eCals 

1. Iron. 

2. Copper. 

3. Aluminium. 

4. Tin. 
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light 

1. The eye. 

2. Examination of a bullocks eye. 

3. The telescope. 

Heat 

1 . Production of heat. 

2*. Coal and coal gas. 


Mammals 

Ounelvcs. 

1. Breathing. 


2 . Circulation. 3- Digestion. 


SUMMER TERM 


mmunities rplation to plants and 

The human community and its relation P 

animals. 


3. The aeroplane. 4 - Therubmarlae 
j! The ship- 6 . Our own shape. 


Colours 

The colours of birds. 


^“(tmardoesaninsectdoandhowdoesirdoUT 

1. Breathing. 

2. Eating. 

3. Nutrition. 

4. Seeing. 

K. Hearing. , 

(i) The Ufe history of a dragon-fly. 


Electricity 

1. The fuse. 

2. The switch. 

3. Tlie electric motor 

Cleaner. 


and its application 


to the Vacuum 
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B. Syllabuses for Specieic Sciences 

AnangiBg syllabuses for the spedEc sdences RS ouUtarf 
in ehaptS^^f, ^1 be somewhat caster than the foregoing 
the subject matter will be '“^gely 
Whilst the subject matter should seir^tf 

vocational needs of the coune. there shouW be 
balance. The coutse should not be P'“"«l m ' 

To a laigc extent this is prevented by the iMdrCT h 
take the general sdence coutse as well as the spcoE 

addition to this it is necessary that the spedEc sae^ 
coune should he a sdence course in the true sense of me 
term and not simply a means of learning vocatioirf t«h 
niques. SpedalUt sdence is all tight so long as we insist on an 
understanding of sdentiSc prindplcs and rnethodL 

There is no need for me to go into detail regarding these 
spedEc sdences. The general scope was given ‘1 

Conndering the difficulties of staffing, accommodatio^c 
equipment in many schools it is likely to be some yeais before 
these courses can be adequatdy organised and arnaloa^ 
There is bound lo be a certain tdescoping of courses tn i^y 
schools and as a result there must for a time, a certain 
amount of improwadon. . -j i • 

It is, of course, true that we shall never reach the ideal in 
education but we can approaiinatc towards it. Improve- 
ments arise out of demands, so if teachers make the most o 
the facilities provided and suggest scnnble additions and 
alterations, scientific education will mo\'e towards the ideal. 


C. Allotment of Time 

The amount of time dc\’oted to sdence depends on the 
school and in particular on the wishes of the Head Teacher. 
Some few secondary modem schools may have no sdence at 
all ; this is true of some girls* schools. TTicy have domestic 
sdence but this b often not the kind of genc^ sdence that is 
required. Its chief failings arise through the approach by vray 
of the household organisation and also because of the large 
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gaps untouched in the field of science. Hou-cver, in general, 
the time appears to vary between 40 and 160 minutes per 
week. Judging the curriculum as a whole, science can reason- 
ably claim 120 minutes per week without the curtailment of 
other subjects. 

Tills time can be divided in different ways. For outdoor 
Biology, it is useful to take the whole weekly aIIo^vancc on 
one afternoon in order to give adequate time for the work. 
For indoor work, it may be preferable to have one period of 
40 minutes devoted to a demonstration by the teacher or to 
simple practical work by the children, and 80 minutes for a 
practical period in which the children can carry out experi- 
ments. If the school uses a 10 day time-table, then Science 
could have two periods of 80 minutes each one week and one 
period of 80 minutes during the alternate week. 

“There may be other variations in the rime allowed for 
science based on the following considerations. If children are 
allowed to specialise in their last year, the children specialis- 
ing in the science group of subjects (Mathematics, Science 
and perhaps Geography and Rural Science) may with ad- 
vantage spend z6o minutes per week on General Science 
consisting of two periods of 80 minutes, or a whole afternoon 
in the summer for field work. Other children may perhaps do 
less science in their fourth year. 

There may also be a variation in the time given to Science 
for the G and D cWldren. For these children, it should be 
more informal and where convenicni it is desirable to discard 
conventional time-table divisions. About rzo minutes per 
week can be rxinsidcred a good average, but when there arc 
favourable opportuniUcs for the children to carry out field 
work this might well be increased to 150 minutes or a ivhole 
afternoon."* 

In some schools sdcncc also has a place in periods given 
over to school societies (see chapter 10) and in social studies. 
The former provides an opportunity for a more recreational 
type of sdence and the latter for science treated as a cultural 
subject (see chapter i). 
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Summary 

A. Background Science. 

1. See headings under Chapter 2 _(a). 

2. Relating the course to the environment (with examples). 

3. The Concentric System. 

4. Health and Human Physiology. 

5. Syllabuses for C and D strcaim. 

B. Specific Sdenecs. 

C. Allotment of Time. 
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SOURCES OF INFORMATION 

The science tcaclicr should have a good knowledge of 
science and should also know ivhcfc to get information and 
other help. If his teaching is to be lively, he must be in (ouch 
with recent developments in science. His science must not be 
taken simply from tC3ct*books however admirable such books 
may be. Children arc often aware that tc.ichcTS get much of 
their knowledge from books. Tliat source is bound to be one 
of the main sources, for tcachen cannot find out all facts for 
themselves, nor arc they on intimate terms ssith idl the 
authorities for the various topics they bring into their leach- 
ing. \Vhat is important is that the sources from which the 
teacher gets his information are reliable and up-to-date. 

After he has made hU scheme, the teacher should gradu- 
ally clothe these bare bones of a scheme svith knowledge. 
This knowledge should include facts, useful anecdotes where 
appropriate, local information, experiments and certain 
practical points. From some text-books l>e can get all of 
these, but he must consider when he studies the text-book 
whetlicr all the facts, for example, arc correct. Many text- 
book writers must obtain much of their information from 
other books and it is humanly possible for them to copy 
mistakes or statements which arc incomplete. Since science 
is primarily the search after the truth, it is probably more 
necessary in sdence than in any other subject to make certain 
that facts and information about the relationships between 
facts arc correct. In what follows in this chapter I shall 
proceed to show how the best material for a science course 
can be obtained. 


A. Locai, Sources 
I. SciENTmc Societies 
In most locaUties in tius country there are local scientific 
sodetic. Mr K. Airc)'-Shaw has v«y kindly made a list of 
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helpful and ready to give every • 

society has a few experts along ^ intervals. 

Local socieUes usually have - ?_™nised reunions 
OUen they have '“,"„,'^Xy someT.ntes rely entirely 
m summer. For their Iccwres y ,„Ue,tronesoaeties, 
upon their outsiders coming in to 

or they depend to a large ext . . .ugre is usually a 

address meetings. In the often iUns- 

vigorous discussion pictures or films, 

trated with speamens. bn"™ > f. designed to show 
The summer cxcnnions L n,e„t. They may 

membcis places of interest m ^ eertnin amount of 

include visits in "'??^;neadon of flowering plants. 

pracUcal work such as Ac ,,,e interesting places 

It is usual to have guides “ ' ^e„ pleasant soaal 

included in the journey. Th«e are ^ 

occasions during which members get to kno 

very well. ^ , „ iJl,h bulletins or perhaps an annual 

The better seeieties P™™ contain items of 

journal. The bulleUns j, h not desirable for 

local interest, but of scicnufic svith the more 

local journals to antef mto c^p ^ 
erudite national journals, which I menti 
chapter. . .Vs. bulletins and jour- 

To help in getting “'’“""’‘.'“f 'rfcni attached to the 
nals, there should be a P“"^ , d in different subjects 

society. These ‘"“ha a recorder for Mosses, 

and act as specialists. O”' ™ ^ ,har for Archaeology, 
another for Diptera iind perhaps a ^ ^„s,, 

If a member has a doubt or diffiral g 

■ he should send the moss to *' 5" ,dng his query. Such 
particulars about ,i,y^ habitat. "Tthc 

parUculars should any vests nouced. The 

pemon who found it and to the best of 

J^ccorder should not only answer the enq 
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4. Museums . 

The facilities ivhich Material behind the 

appreciated 

scenes in addition to the 4 ccncral public. If ^ 

the show cases and „,cd he will gain access to 

teacher shows hirnself really interested he win g 

this material behind the scenes. classes, 

Some museums have a '' ^r. In such a 

which can he brought from ^ either from one 

classroom, the children can have 1 , The lesson 

of the museum personnel or from 'ha teachers will 

should be illustrated with museum ' 3,,. ,„„ally 

find that the museum curator and his msutanu are 
very helpful and will go to a grea^ and models 

There arc museums ^vhlch lend out ^ccim 

to schools. This is a ^ be able 

Study such articles more thoroughly than they 
to by an occasional visit to the museum. MMitifvinc 

A museum is also useful for the purpose of idenntymg 

specimens. The best museu^ms for JX geologiral 
NaUonal Museums in London town “ * 

Museum, the Science Museum the Natural 3 

and the British Museum. It fa, however, orfy to that a 
teacher should try to identify a ^he 

ing it to London to one of the museums I have ’” 85 ='“; 
cLtors and their assistants in these places tend 
dated with requests for informauon and whilst 
help people, thdr Umc and patience arc obviomly liimtca. 

Imtitutions like Kew Botanical Gardens,* 

Agricultural Institution,* long Ashton Research > 

and the Bureau of Ammal Population* arc 
identification of spedmens appropriate to thar speaa i 
and for obtaining information. Here ag^n it is 
they should not be troubled until local sources have first been 

Some museums, particularly the London ones, I^c 
excellent catalogues, illustrations and publicati^. 
Natural History publications* arc particularly useful or a 
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science course. These are often much cheaper than material 
produced by private enterprise. 

It is also possible for science teachers to get special 
students’ tickets so that they can study in the research 
departments of the national museums. This gives teachers 
not only a good opportunity of looking up information and 
studying specimens for themselves, but also for consulting 
ejqjerts in particular fields. 

5. Industries 

Industrial undertakings arc often ready to help teachers. 
Sometimes it is propaganda on their part cither to sell their 
products or to get employees, but if the information they 
supply is of use to schools then it is advisable to get it. I will 
quote two personal examples. 

Since coal gas appeared In my science syllabus I considered 
it would be a good thing if I could get samples of the by- 
products to show to my children. I approached a well-known 
gas undertaking and was supplied with a cupboard with 
glass doors containing glass stoppered bottles containing 
samples of about 6o of the by-products from coal. 

In my syllabus also appeared the subject soap. After my 
success witii the coal by-products, I thought I tvould try my 
luck witlj soap. So I wrote to a svell-known manufacturer of 
soap and reedved samples of the raw materials from which 
soap is manufactured. Again, the samples were packed in 
wcll-stoppcrcd bottles. 

Teachers will find that they can do this kind of thing. In 
addition to specimens, they will be able to get charts, 
pictures and booklets. They should also not fotget the possi- 
bility of taldng science classes round industrial works. 

6. Services 

Information can also be obtained from Water and 
WiArnrA-iVigr, Xcnco 

Municipal Road Making^ departments, from British Rail- 
ways, » from Canal Transport departments, from the Post 
Office and from Shipping firms. Of coune, Gas is another 
service, but I have already mentioned it. 
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TU«eUrATH.o.c.ic„«in*«— 

peoplcoreAWareor.Cons.d«ro ro fa 5^^^ 

the speed of travel was co^ p ^^jicn cars move quite 

narf to be so level or so ttttoBj'b should 

quickly it is primanly ^cn . . ^ ^ should be 

have level surfaces. It “ e ,o cuS^e, then the 

straight where possible hut if ^ s„lucUon in speed 

road should be cambered so 1^,,^ rnust also be 

is necessary in going ' 'r Vnd tear and of wear- 

capable of standing up to heap. lirained and 

i„^ evenly. Further. "ha^e to be consid- 

should not get slippery. All the ]» Scienufic 

cred and it is true to say that the Depa.™' 
and Industrial Research ts carrying out some use 

tUs direction. . «^accs because 

Oi^^fis" "scl’e'nre t Se them which to the 

rfuldren will be vital knowledge worth knowing. 


B. National Scientieic Societies 

At the end of this chapter* I have pv^ a Iht of mmntifie 
Hideties which can be considered “ .^her of as 

teacher.. It is desirable for “ c.,.,.. ,hc time to 

many of these as he can afford, c y . * f such 

devote himself to all thorn he becomm a tnemberoh^^^ 

membership has distinct advanmgra val Society to take 

Supposing he joins the Bnnsh Ecolopcal Socie^ « 
an eiLmple® He finds that in the 
gists in the country. There are also Bmloguri. 

Zoologists, Entomologists, “ rse in a 

specialists. If he goes to a ”*'"‘"8 have 
Wendly association with leadmg authorities. Hu m| ^ 
a cup of tea with a bounist of international " 

will find that these eiperts far from being ali^a ^ 

friendly and wfll help him without patromsing. 1 hu, m 
opinion, is the best reason for joining the 

Another reason is that the teacher is able to r 
journals produced by the sodety. These joum s co 
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original articles based on research. These artidcs may vary 
in quality^ but they do gjvc teachers an insight into the 
methods of modern research workers. They are often difiicuU 
to understand, largely because there arc no trimmings and 
because they embody the results very often of years of patient 
work. ^Vhen, hosvever, the reader has mastered the contents 
of one of these original papers, he will feel inspired and 
prompted to think along new lines. For a teacher this is one of 
the best things that can happen to him. What teachers can 
learn from people who arc not teachers is so valuable because 
it is like letting light in from without. There is a tendency for 
teachers to be conscn'ativc in their wa>’s and mixing with 
other teachers is often of little inspirational help. By joining a 
society like the British Ecological Society they will get this 
inspirational help because they will mix with people in other 
fields doing work which is often just as important as teaching. 

It must also be remembered that a teacher should be 
prepared to take an active part in a society. He may be able 
to read .a short paper of some original work he has been doing 
either alone or svith h« children. 'ITierc is also an opportunity 
for him to get something published in the journal. Since 
scientific journals demand a very high standard of achieve* 
ment, he has to work hard in order to produce something 
worth while. This b very good training for him. 

G. Inforuatjon from Government Sources 

The inlbrmation which can be obtained from Govern- 
ment sources has been partially covered previously. Mention 
was made of the National Museums and of the Post Office. 
Also reference was made to Nationalised Services and 
Industries. 

There is a valuable source ofinfonnation that has not been 
Considered previously and that b H.M. Stationery Office.” 
This GoveTTunent Publishiug Depsutment produces some 
very fine material at very reasonable prices. That issued by 
the Minbtry of Agriculture and Fisheries b a remarkably 
fine series. Every school should possess many of these, which 
deal with such diverse subjects as Insect Pests of Fruit Crops, 
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Weeds of Arable Land, Bees, Certain Birds and Potatoes. 
Then there arc the publications of the Porestry Com- 
mission” which deal witli such subjects as Mosses of Forests, 
Forest Trees and Wood-boring beetles. 

H.M. Stationery Office produces periodic lists of recent 
publications. These have included, for example, an excellent 
publication on Birds in London. There have been fine 
reports on National Parks. 

D. Information from Private Enterprises 

This has to some extent been covered previously. Teachers • 
should explore all possible avenues for scientific information. 
The author has obtained good knowledge from such enter- 
prises as an oil refining company, a motor car manufacturer, 
a iritamin manufacturer, a producer of fine chemicals, and a 
glue firm. 

It should be mentioned here that it u often possible to get 
useful information from catalogues of various kinds. The 
apparatus catalogues which need to be obtained for labora- 
tories often contain useful information. 

E. Reports of Research Institutions 

Research institutions of various kinds issue reports which 
can be bought or read in good libraries. Just let me mention 
a few. 

The Freshwater Biological Association^* produces an 
annual report which gives a useful account of their work. The 
Headquarters of this Association is at Wray Castle on Lake 
Wndermcre and consequently much of the research on svatcr 
biology takes place in tins lake. This association is rendering 
a valuable service to the country. The work has an economic 
side in that the)' arc making a study of freshwater edible 
fish types. 

Peter Scott’s Bird Sanctuary** known officially as the 
Severn Wild Fowl Trust produces a beautifully illustrated 
report of the work of the Trust. The work is carried out at 
Slimbridge in Gloucestershire on the south bank of the River 
Severn. On this sandy bank in winter are to be found thou* 
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sands of Viild geese which have migrated from cold regions 
such as Iceland, Nonvay and Siberia. These birds are 
studied most thoroughly and very valuable research is carried 
out in connection with migration, Tl»is is all detailed in tlie 
report and tlie illustrations consist of photograplis and draw- 
ings. Tiie draivings arc usually by Peter Scott, the Director. 

Rothamsted" Agricultural Institution Issues a very inter- 
esting annual report in which mention is made of the diverse 
t>T3cs of research being carried on there sucli as work on 
crops, bees, pigs, effect of length of daylight on growth of 
crops, and agricultural statistics. 

F. National Libraries 

These liave been mentioned before. It should ho'vcvcr be 
noted here that teachers can consult books in National 
Libraries. If they happen to be members of certain Scientific 
Societies'* they are privileged to borrow books from the 
Science Library, South Kensington. This is a very compre- 
hensive library from ^vhich students can borrow books far 
too expensive to buy in large numbers. 

Since most of the national reference libraries are situated 
in London, it may mean a visit to London in order to read 
certain books, unless they can be borrowed through the Local 
Muiucipal Library. 


G. Journals 

A member of a sodety receives the journals of that society 
automatically. For other journals he will usually have to visit 
a good reference library, preferably a University Library. A 
group of friends might collaborate and arrange to buy a set 
of certain journals between them. Since journals have a very 
Umited sale, they are usually expensive. 

H. Reports from other Schools 

^Vhy is it that schools exist so much on their own? So often 
tlicir only contacts tvith other schools arc at intcr-school 
matches or sports. 
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I fed that schools have much to give one another by way 
of exchanging information and CJ^criences. How can this 
hdp Sdence in Secondary Modem Schools? 

If a number of Secondar>' Modem Schools in an area ha\x 
Sdcndfic Societies why not arrange some joint matings 
dthcr indoors or In the form of an excursion? There is so 
much to be gained by this land of actinty. Consider two 
schools, one of which is near an oak wood and the other a 
late. The school near to the oak wood could arrange a joint 
excursion to the oat wood and by way of a return meeting, 
the other school could arrange for the study of the laic with 
perhaps a sail on the lake as an added attraction. One school • 
may have got together an excellent collection of butterflies 
and moths, whereas another has a good collection of beetles. 
By interchange visits, the children not only Icam a great 
deal about -what the other school scientific sodety is doing 
but also is inspired to new eSbrts. 

I should like to see schools linked sdentiflcally particulariy 
through an organisation already in being." School sdence 
will gain in strength as a result. TTierc arc certain collective 
problems such as butterfly nugration, the study of the habits 
of badgen, the study of harvestmen, which b best done 
coUccth'dy- '\Vhcn you read "Watt’s School Floray* it is evident 
that some joint work of this kind has been done by a certmn 
group ofPublic Schools In connection with plants. "NSTial has 
been done in a small way could well be extended. 

I look forward to the time when projects wll not merely 
im'olve one school worldng indq>cndently, bat will be organ- 
ised by committees rcprcscntadvc of a number of schools 
over a wide area. Such projects can really come to mean 
something and have genuine sdcntlfic value. So often school 
projects are very transent efforts. A co-ordinated piece of 
research wort carried out over a wide area by different 
schools could be a real inspiration to education and a sub- 
stantial contribution to truth- 
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CHAPTER SIX 


ACQ^UIRING TECHNIQ,UES 
A. Traditional 

The teacher has to acquire skill in science and so have the 
children he teaches; how Tar the skills he himself learns are 
taught to the children si.’ill depend on their capacity at a 
particular time. As is well known, the capacities of children 
depend at least upon age and intelligence. The teacher must 
judge for himself what the children are capable of doing. 

1. Handling of Apparatus and Chesiicals 
The first technique I wish to consider is that of handling 
apparatus. Lord Rutherford could not tolerate assistants ss'ho 
were often breaking pieces of apparatus. This no doubt was 
because they lacked the skill of handling apparatus not 
because of the expense, though that is a factor. The skilled 
scientist has a w*ay of handling apparatus so that he rarely 
breaks anything. It is noticed with t>TOs in science that they 
usually break many pieces of apparatus at the beginning. 
Some of these breakages arc due to not applying common- 
sense. I have seen such people heat a stonc%varc pneumatic 
trough over a naked Bunsen burner flame or heal a test- 
tube, with a wet outer surface, over a flame, sviih the ex- 
pected result in both cases of a breakage. In practical science 
one of the first techniques a beginner must learn is the hand- 
ling of simple forms of apparatus: he should not at the outset 
be trusted to use more elaborate apparatus. 

There are two or three elementary principles concerning 
the use of chenucab. No more of a substance should be used 
than is actually required, and if any which has been taken 
from the botde is not used, it should not as a rule be returned 
to the bottle, because it may no longer be pure. Chemicab 
should alu'ay’s be treated with the utmost respect since some 
of them are very dangerous. They can be dangerous in a 
number of wa^-s. Some, like mercuric chloride, are 
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poisonous, some, like sulphuric acid, are corrosive, some, like 
ether, are innammablc and scnne, like picric add, are explos- 
ive. No child in a Secondary N^dern School should use a 
chemical in one of these four dangerous categories. It is 
desirable to keep all clicmicals of this type hi a locked cup- 
board. It seems to me foolish to victv a poison cupboard svith 
such concern and forget chemicals in these other dangerous 
categories. From the point of sdew of a teacher, it should be 
part of his scientific knowledge to know how to look after 
chemicals. He should, for example, know that white phos- 
phorus must be kept under water; that sodium should be 
immersed in a liquid like naphtha or petroleum; that picric 
acid should always be u'cJl mi.xed svith water; that inflam- 
mable liquids like ether, benzine, petroleum ether, xylol, and 
carbon disulphide should be kept in cold places and in gas 
tight bottles preferably glass stoppered. 

Other elementary points are these. Bottles of chemicals 
must always be labelled and if paper labels arc fixed they 
should be waxed to prevent them getting dirty or corroded. 
If the bottle contains a solution, the approximate strength 
should appear on the label. When liquids are poured from 
bottles tliey should always be poured away from the labels. 

Wlicn maldng up solutions, it is always desirable to make 
a quantity which will last at least six months unless it is un- 
sliablc, when a small quantity can be m.nde. Aqueous solu- 
tions should always be made with distilled water. A science 
te.ichcr would be wise to get a copy of the Scientist’s Diary.* 
This gives all the dat.a he requires for making up solutions. 
There arc suitable strengths for laborator)’ re.agenfs and they 
should be adhered to; science must never be haphazard. 

With regard to the storing of clicmicals on shelves, it is 
desirable to arrange inorg-inic substances In alphabetical 
order according to the basic radicals. Also arrangcacids in 
alphabetical order; corrosive adds being placed in bottles on 
porcelain trays. Solutions of reagents should be separate and 
again in alphabetical order according to the basic radicals. 
Keep sodium and powssium ^-droxidc solutions 5n bottles 
witii corks, not gl.ass stoppers. It has been found that if a 
glass stopper is used, a tliin layer of the carbonate of the 
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rcqiecUvc metal forms between the sides of the stopper and 
the neck of the bottle, and this lends to cause the stopper to 
stick so tight as to be irremovable. 

There are certain kinds of apparatus which require 
special handling. Delicate apparatus should be kept in 
drawers or cupboards and rest on cellulose cotton wool. TTus 
type of cotton wool is better than ordinary cotton wool, 
because it does not stick to the glass-ware, I would suggest 
that such items of glass-ware as pipettes, burettes, dropping 
funnels, carbon-dioxide bulbs and Liebig’s condensers be 
kept in this %vay. Keep expensive types of apparatus such as 
voltmeters, ammeters, delicate galvanometers, mounted 
frogs’ skeletons, models of eyes, and microtomes In locked 
cupboards. 

Teachen ought to be able to render simple repairs to 
galvanometers and derived instruments such as the ammeter 
and voltmeter. It is useful to take an old instrument of this 
type to pieces so that the experience gained will be useful 
when a genuine repair b necessary. In a laboratory where 
physics b carried out, it b useful to have a mirror galvan- 
ometer for demonstration purposes. The galvanometer itself 
should be at the back of the class room and the scale and 
lamp should be near the blackboard so that readings can be 
seen by all members of the class. 

A teacher should get in the way of handling lenses and 
mirmrs so as to be able to fit up fight ray apparatus. He must 
discover methods of improvbarion such as that of using a 
small tin can as a lampholder for 12 volt lamps; and cylin- 
drical beakers of water as a means of obtaining parallel rays 
of light. ^Vith the sud of strips of brass and metal rulers he 
can make adaptable optical benches. "With two metre rules 
hinged together he can make a simple spectrometer. Small 
squares of zinc can be perforated or slits can be cut in them to 
obtain the neossary beams. Combs can be used to split up 
parallel beams of light into narrow rays. 

The sdcnce teacher in a school should be able to fit up 
pieces of apparatm with a licbig’s condenser for dbtillation 
with adaptations using a fractionating column, reduced 
pressure and steam dbtillation. He should also be skilful 



ACQUnUHO TECin«QUES , 77 

in fitting up a reflux condenser. It is sometimes necessary to 
use water baths or oil baths. 

«. General Quantitative Techniq,ue 5 

Then there are the measuring mstnimcnts to consider. 
Balances have to be checked and also burettes, graduated 
cylinders, pipettes and measuring flasks- The markings have 
to be made viable when they become indisdncL* It is par- 
ticularly desirable to clean measuring vessels with chromic 
add* to remove all traces of grease. 

This leads on to the subject of general quantitative tech- 
nique, Tlie most accurate piece of apparatus in the labora- 
tory should be the best balance. In order to keep a certain 
standard of measurement in the scientific work carried out 
in tlie laboratory, it is ncceasary for the science teacher only 
to use the best balance. The set of weights to be used with it 
should correspond in accuracy with the balance. Such a 
balance should be of the analytical type and will be in a 
glass case. It should be kept dry with silica gd in a special 
container.* Concentrated sulphuric add is considered by 
most people to be better, but it is rather dangerous to have in 
a balance case in school. AU other kinds of measuring instru* 
menls can be checked from the balance. Spring balances can 
be checked with the balance weighU. Volumetric pieces of 
apparatus can be checked by wdghing the ^vatc^ they con- 
tain at deflnile temperatures by the methods described in 
many books.* 

A teadicr should not only be able to weigh materials for 
himself, but he should also be able to teach children to do 
the same. He must be on his guard srith regard to children 
adding wdghts to a chemical balance whilst the balance arm 
is raised. Chemicals arc likely to be put directly on the 
balance pans if the children are not tutored correctly. 

A science teacher ought to be acquainted with mcthoch of 
titration. This particular technique has made great strides 
during the last ten years. In titrations depending on reaching 
a definite /H value there arc a num^r of indicators to 
choose from according to the pH required.* A teacher should 
know which to use for an experiment. He should also know 
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when to have the indicator in the actual solution and when 
to carry out spot tests. AlUiough be may not need to bring 
specialised titradom in his actual teaching, it would be uscrul 
if he were familiar with Ujc uses of potassium pennanganate, 
potassium dichromatc, iodine, sodium thiosulphate. 

It is desirable that he should be famhiar with the electrical 
method of titration in which a sensitive galvanometer (often 
called a pH meter) indicates the end point. 

3. Training in Observation 

A scientist must be a good observ'cr. One who teaches 
sdcncc should be quick to notice small points and should 
train those he teaches similarly. A number of scientific dis- 
coveries have been the result of obscrv'.ations that would 
probably have been missed by one not trained in science, 
Faraday noticed drops of liquid in a tube which had con- 
tained gaseous chlorine and which had been cooled under 
pressure. This was liquid chlorine, but would probably not 
have been noticed by most people. Ramsay’s discovery of the 
inactive gases and die identification of specific gases was the 
result of very careful observation. When ox^-gen, nitrogen, 
carbon dioiddc and water vapour had been removed from 
the air, he discovered that there was still a small fraction of 
gas unidentified, Tliis he svas able to separate into the com- 
ponent inactive gases. 

4. Scientific Calculations 

An understanding of methods of scientific calculation is 
desirable. In tliese days this involves a knowledge of statisti- 
cal analyris.' One of the important parts of the analjTis of 
results is to decide what results arc significant. There is much 
loose thinking about figures obtained in experiments. Not 
only have %ve to decide the limits of experimental error, but 
also we must be careful not to come to conclusions un- 
warranted by the results obt^uned. Involved in this is the 
question of how many significant figures arise in an answ-er 
obtained. As much of this technique as possible should be 
passed on to children, particularly the A cWldren. How often 
laborious long division is carried out to obtain a figure 
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Such, for instance, as 12.7321 when an answer of 13 would 
have given all the information required or warranted by the 
accuracy of tlic experiment. 

5. Special Biological TECitNiQ,uEs 

There are a number of biological techniques which a 
teacher should learn. These are described in a number of 
good books.* I ^vould, however, recommend the following 
techniques as a beginning. The science teacher as part of his 
training ought to learn how to cany out dissections of types 
from small animals like the cockroach to medium atumals 
like the rabbit. He should learn how to dissect plants. If he 
has not done this kind of thing at college, it is desirable that 
he attends an evening course or residential course to learn 
this technique. The same argument is applicable to slide 
making, because it is not possible to Icam the technique 
from a book. If the teacher learns the rudiments of section 
cutting, dehydrating, staining and mounting, he svill for 
himself be able to try out new stains, new dehydrating agents 
and dilTcrent methods of mounting. A science teacher will 
find it very useful to be able to make slides, not because he 
can make better slides than he can buy, but because he can 
make slides of interesting material discovered on nature 
rambles and on other occasions. The teacher may wish to 
carry out some experimental work involving slide making; 
his knowledge of slide mating will then be very useful. 

If he becomes keen on slide making, the science teacher 
may >vish to carry out more difficult work such as slides made 
of animal sections which have had to be prepared through 
wax impregnation. This is necessary for making slides of say 
a set of a frog’s organs like the stomach, liver and testis. 
There are also special techniques in connection wth many 
other specimens such as blood films, mounting obelia, 
amoeba, foraminifera, diatoms and algae. 

Other useful biological icchmques which a teacher might 
learn are preparation ofskdetons,® the mounting oCinsects,*® 
preparation of cultures** and simple bacteriology.** It seems 
to me to be foolish for schools to order skulls of rabbits when 
they can be prepared comparatively easily. The mounting 
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of insects is something which is often badly done in schools, 
yet ^vhen insects are correctly mounted they look very well 
indeed. Concerning the mounting of insects, the important 
points are; how to collect the insects; how to kill the insects; 
when to relax; when to set; and how to place in the storage 
box or cabinet. I have included the collection of insects in 
the matter of mounting the insects, because so many insects 
are ruined in the collecting. The preparation of cultures is 
useful for such plants and animals as moulds, amoeba, 
parameda, volvox, daphnia and cydops. It is useful to have 
a thermostatically controlled container for this work, 
because it often liappcns that lluctuations of temperature 
sviil kill off some of the cultures such as paramccia. The cul- 
ture of bacteria requires the use of some kind of sterilising 
chamber for the petri dishes, boiling tubes, culture media 
and other apparatus. Various cultures can be tried out.** 

6. Special Rural Science TEcriKijiuBs 

There are also various techniques to be used In connection 
with the application of the sdence in the school garden and 
livestock. It is useful to know something about plant culture 
in aqueous media (hydroponics); dealing with the products 
of variety trials; and sccdoning of eggs from the incubator 
and the pennanent mounting of these. The subject of plant 
culture in aqueous media has been extended to indude the 
use of stcrilis^ sand. This is rather better because of its hold- 
ing properties. Plant pots have to be coated with bitumastic 
so that the plants do not get nutrients from the actual pot. 
There are formulae for spcdal culture solutions to be added 
to the sand.*’ 

In connection with variety trials, there arc the spedal 
methods of sampling so as to get a representative sample of 
the seeds or the products to be considered. There is also the 
technique of recording including not only the time factor but 
obtaining data regarding daily sod texoperatursa as well as 
air temperatures; rainfall; hours of sunlight; and comporition 
of the son. There is the matter of weighing the sample. 
Finally there is the matter of working out calculadoos and 
drawing condusions. 
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The sectioning of eggs and the preparation of chick 
embryos at various stages is a useful technique. It is good for 
the children to see the chick embryo in its early stages, say 
after 48 hours, when the beginning of the heart is evident in 
the pulsating red dot. A complete set of embryos can be 
obtained and set up in the school science museum. 

B. Less Traditional 

I. Use of Wood-work and Metal-work 

It is usual now for the science department of a school to 
contain wood- and metal-work benches and the appropriate 
tools. These should encourage the teacher of science to learn 
wood- and metal-work. He will find facility in these crafts of 
inestimable value in his work as a science teacher. There is 
much apparatiu which he can make cither as demonstration 
material or for the cluldren’s use. 

The teacher with initiative would never entirely rely on 
apparatus supplied by manufacturers. Whilst much of this is 
good, it can never meet the needs of the enthusiastic teacher. 
He may wish to try out a spedal kind of butterfly net, or he 
might ^ink of an experiment to show how the speed of light 
can be measured or he nUght work out a demonstration 
experiment to show the three methods of heat transfer as 
conduction, convection, and radiation. 

In many districts there arc courses in wood and metal- 
work which a teacher can attend. He can also get ideas from 
these courses and from books** as to ^vhich tools, wood and 
metal to requisition. 

s. Glassblowxno 

Skill in glaMbloiving is another useful adjunct to science 
teaching. So often does a teacher want a glass bulb in a 
special place In a tube or a joining bcDvccn two tubes to 
make a T or Y; or a joining between a narrow tube and a 
\virfe tube, ff he has had some pra<^ce ia and 

become adept at the essential stalls in this craft, he will be 
able to fit up some useful pieces of apparatus. Consideration 
of facilitim for this work in the laboratory is dealt with in 
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chapter 13. As wood- and mctal-work it is desirable for 
teachers to attend a course on this subject in order to get the 
fuU benefit from boots about it.“ It is someumes necessary 
to fit platinum elccuodcs through glass, and this can be done 
quite easily wiili a little practice. 1 svould say that the main 
stages along the highway to success in glassblo%sring arc: 
(i) some understanding of the properties of the different 
kinds of glass; (2) practice with (he blowpipe-flame, trying 
diflerent notzles and mixtures of gas and air; (3) acquiring 
steadiness in rotating glass tubing in the flame; (4) sb'H in 
blowing, pufilng and sucking in manipulation; {5) learning 
how to cool glass after it has been worked; and (Q acquiring 
the art of gelling finish in the article being made. 

3. Lantern Slide and Film Strip Making 
Lantern slide and (Urn strip making arc dealt with in 

chapter 12. 

4 . Photomicrography 

The last technique I wish to consider is Photomicrography. 
Sometimes a teacher may svjsh to produce a pennanent 
photographic record from a prepared slide. He can do this 
by photomicrography. In fig. 5 I have illustrated a useful 



Fig. 5. Apparatus for Hioiomicrography. 


ppe of apparatus for this purpose. This works quite well and 
is inexpensive. The microscope used should be the best in the 
school since the finished result can only be as good as each 
component and there are more variations in microscopes 
than the other components. Use the brightest light source and 
make sure that it gives even illumination otherwise the 
photomicrograph will not be good. Variations in the intens- 
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ity of the light field can be seen in the ground glass screen. 
Slides used for photomicrography should be very good in 
quality; when arranging to take a photomicrograph move 
the slide until you get the best possible view. Definition is of 
very great importance in this kind of photography. This is 
often made difficult by the fact that the section on the slide 
usually consists of more than one layer (say of cells). In tlxis 
case it is necessary in the focusing to get that plane in focus 
of which detail is required in the photograph. As another aid 
to sharp focus, always use the largest negative that the 
apparatus will accommodate. It is, of course, obvious that if 
a photograph has to be enlarged, defects svill be enlarged as 
well, so that the less enlarging is done the better the defini tion 
for a given negative. Plate I (Frontispiece) is a photograph 
taken wth this type of apparatus. 

Experiments should be tried in photomicrography using 
colour filters. It is useful in this connecu’on to consult a good 
book on the subject.** Colour filters are particularly neces- 
sary when using stained sections. The aims of the colour 
fillers are to give the best definition and correct rendering of 
true values. For example, in a section stained predominantly 
red; tlic use of a green filter would make all the red seem 
bla^ and this would give good definition in the part stained 
red. 

With regard to the types of plates; those that give good 
definition of the panchromatic variety are the best. High 
speed plates are not required. The time of exposure is 
attained largdy by a combination of judgment and trial. It 
is desirable to use a good light source as Uiis not only shortens 
the necessary exposure, but also tends to give better defini- 
tion. \Vitli a little care and practice some good results will be 
obtained. 

SUMUARV 

A. Traditional: 

1. Handling of apparatus and chemicals. 
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Refeiiences (Chapter Six) 

^ The Scientists* Reference Book and Diary published by 
James Woolley Sons & Co. Ltd., Manchester. 

• See Wooliatt, Laboraimj Arts (Longmans). 

• See Treadwell, QtuntiCaiice Analjsis (Wley). 

• Silica Gel Desiccator: can easily be regenerated and lasts 
Indefinitely; obtainable from Silica Gel Ltd., Bush House, 
Aldwych, I^ndon, W.C.2. 

• See Treadwell, Quaxtitaiire Analysis (Wiley). 

• See B.D.H. list of Indicaton. 

Also A. Findlay, P/tysical Chmisl^ (Longmans). 

’ See H. Xicvy and E. E. Prddel, Elmenla^ Slalistics (Nelson). 
5 *- 

• See list of books at the end of Chapter 1 1 . 

• H. L. Green, ^eoUiical Ttehm^ (Allman). 

See pamphlets of the Amateur Entomologists* Society. 

Also Jnslrurtions/or Cofleelors: tnseets. British Museum (Natural 
History). 

Also Duncan and Picfcwcll, The World of InsteU (McGraw Hill). 
** Sec Sdaict Master^ Books, Series I, Vol. II; Series II, 
VoL 11 (John Murray). 

Henrici, The B'lologj of BaeUria (D. C. Heath & Co.). 
Obtmnable from Long Ashton Research Station, Long 
Ashton, Nr. Bristol. 

A Woodwork MoUbook (Cassell & Co. Ltd); A Metalwork 
SoUhook (Cassell & Co. Ltd). 

See M. G. Nokes, Modem Class Working and Laboratory 
Techmjue (Helncmann). 

W. E, Parke-Winder, Simple Class Blowing for Laboratories 
(Crosby Lodewood). 

See R. M. Allen, Photomicrography (D. Van Nostrand Co. 

Inc.). 

Also Pholorrdaography (Kodak). 



CHAPTER SEVEN 


APPARATUS AND MATERIALS 

In tlie book, 7 Xe TtacMng of Science in Secondaiy Schools,^ 
there is a very good chapter on Apparatus and its main- 
tenance. This as well as the other chapters in this book 
should be read by all teachers in Secondary Modem Schools. 
Since, hotvever, this book appli« to Secondary Grammar 
Schools rather tlian to Secondary hfodem Schools, there are 
certain matters to be considered which more especially apply 
to the Secondary Modem School. 


A. Wjjat S110UI.D A School REj^uisiTioN? 

'Htis question can only be answered after a consideration • 
of the following points: 

1. Scheme of work. 

а. Time spent on science. 

3. Proportion of demonstrations and class laboratory 
work. 

4. Knowledge and abiUty of the teacher. 

5. Finance. 

б, Storage space. 

Let me consider these in turn. 

I. Schemes of work Avcrc fully considered in chapter 4. 
Here I will simply relate it to the matter of apparatus. It is 
obviom that tlic apparatus and materials should be adequate 
to provide demonstrations and claiss practical work for the 
children. If any tcaclicr is foolish enough to ask for materials 
outside the scope of the syllabus, the apparatus becomes so 
much lumber taking up valuable space as well as causing 
unnecessary expense. A laboratory at the outset should be 
equipped with a basic outfit of equipment and chemicals 
similar to that given at the end of this chapter. This list has 
been compiled with the highest common factor of needs in 
view. I suggest that a Local Education Authority should 
provide the laboratory with such an outfit at the beginning 
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and not expect the items (o be provided out of the annual 
capitation allowances. However, I will say more about this 
later. 

2. The amount of limg spent insdente aficcts the amount of 
apparatus and materials. The quantity of chemicals used 
and the amount of apparatus consumed is roughly pro- 
portional to the dme spent on science, provided the science 
course is largely csqjcrimcntal. 

3. The amount of equipment must also depend on the 
proportions of time spent on Jenansirations and praetieal work 
by the children. When ordering for class use, you have to 
consider 30 children carrying out pracu'cal work at the same 
time. I tsrould suggest (hat it is not necessary or even always 
desirable for a class of children to be doing the same experi- 
ment at the same time- TTm was considered in Chapter 3, 
section Cfs). Considerable saving in expense is possible and 

• also improved variety of experiments by this method. You 
would not consider ordering dozens of cHnosiats, auxano- 
meters, Wheatstone bridges and Post OITicc Boxes for 
example. 

4. The knou'ledge end ahilttj of ike leoeher arc matters often 
overlooked even by the teacher himself. It is no use, for 
example, asking for a glassbloiving bench complete wlh 
blosvpipe, bellows and tools, if the teacher is not skilled in 
glassblowing or prepared to learn the art. It is no use a 
teacher ordering stains which he knows nothing about and is 
not therefore Ukcly to use. A teacher should always make 
sure that what he orders he can use effectively. 

5. Finance to some extent controls the amount and quality 
of the equipment for a laboratory. If, as I have suggested, 
the laboratory receives a baric supply of equipment at the 
outset and the annual capitation grant can be used for adding 
to this and making good any breakages, the science teacher is 
in quite a favourable position. He need not get all the equip- 
ment to carry out the syllabus at the outset. If he is starting 
Mth a nesv syllabus there appears to be every good reason 
to give each A form (ist, 2nd, 3rd and 4th years), each B 
form, each C form, and each D form the same syllabuses 
(A, B, C or D) for the first year the syllabus is running. The 
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next year will then see the 6ist year schemes applied to the 
newcomers, now Year t, and the second year schemes to 
Years a, 3 and 4. In this way the scheme can be better 
implemented than by the common practice of attempting to 
carry out the scheme as it stands during tiie Srst year. By 
tills means, the teacher can not only equip the laboratory 
more suitably, but he can also work out the details of the 
scheme more thoroughly. This method ivill enable the 
teacher to meet all his needs out of the annual capitation 
allowances. He can as a rule buy better quality materials. 
Scientific apparatus varies so much in quality that it is often 
advisable to consider the matter very carefully. The cheap 
article is not always the cheapest in a long term policy. Good 
reagent bottles are better than cheap corked bottles noth 
inconspicuous labels; good glass-ware (c.g. Pyrex) is better 
tlian nameless glass articles; good qualify voltmeters are 
better than cheap ones and good microscopes by firms 
specialising in microscopes are better than cheap instruments 
termed microscopes but not wortliy of the name. The 
same remark applies to chemicals. Commercial chemicals 
may be cheap, but for most experimental purposes in any 
laboratory arc useless. They can be dangerous. When making 
oxygen by heating potassium chlorate and manganese 
dioxide together, it is most important that these components 
should be pure, othcnvisc an eiqilosion' may result. It is 
therefore desirable that requisitions should be made out 
carefully ^vith adequate specifications and ordered from 
firms of repute. Do not, for example, be vague in this way; 

■ 1 3 nests of beakers 

but more specific; 

12 nests of beakers, each nest containing: 

1 50 ml., r 250 ml,, and i tooo ml. Pyrex 
squat form beaker wth spout (cat. No. ) 

6. Storagi Space. It is important that there should be 
enough storage space for the equipment ordered. If at the 
time of ordering, it is knoivn that tlie storage space is in- 
adequate for what is ordered, then endeavour at the same 
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time to prqiare provision for the apparatus when it comes by 
requisitioning a cupboard or arranging for space to be 
provided in some other way. 

Breakages often occur through apparatus being badly 
stored. Method in storing is important in any subject, but 
probably more so than ever in science. Equipment and 
materials should he arranged so that items can be found 
quickly. Those that are required often should be more 
readily available than those seldom used. 

B. Making op Apparatus 

This subject is also considered in chapter g from the point 
of view of the correlation between Science and Wood* and 
Metal-work. There are other aspects which can be dealt with 
here. 

However eager a science teacher may be, his time is 
limited for making apparatus. Since a sdence teacher has to 
spend so much of his time tn the preparation of experiments, 
he should have a liberal amount of time in school hours for 
this work. It is not easy to specify how much he should have, 
but I tliink the time for sdentiftc preparation should be at 
least equal to the time spent on actual sdence lessons. It 
would be a great help to the sdence teacher if he had a 
laboratory assistant. This, however, is not a simple matter for 
the Local Education Authority for a number of reasons. The 
postoflaboratory assistant should not be a dead end, i.c. the 
assistant should have a chance of learning science whilst he 
acts in this capacity so that his work can lead to promotion. 
There should be opportunities for him to study cither for a 
B.Sc. degree or for the Higher National Certificate. Also 
there must be some supervision of his work during school holi- 
days. It seems that if science teachers want laboratory assist- 
ants, they should be prepared to spend part of their holidays 
in supervision. Surely it is agreed that whereas school holi- 
day’s are a rest from teaching they are not expected to be 
entirely devoted to pleasure, but at least partially to teaching 
preparation. Tliis thought may not be popular with some 
teachers; but I carmot visualise tbc successful teacher spend- 
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ing 1 2 u’eeJcs of the year in idle pleasure. He will suiely devote 
a good proportion of it to improving himself as a teacher. So 
wliy should the science teacher not spend some of his holi- 
days supervising the laboratory assistant and also doing 
some science preparation himseU? 

If the science teacher ^vants a laboratory technician and 
not just a cleaner-up and bottle-washer, that is what he 
should be prepared to do. 

With the help of a laboratory assistant a good deal of 
apparatus can be made and much can be assembled from 
manufactured parts. I niU suggest some forms which can be 
usefully made. 

1. Microprojector 

A perfectly serviceable microprojcctor can be made with a 
microscope and a lamp source (see fig. 6). It is essential to 


card 



use a bright light source which should be central with the 
microscope optical axis. An old lantern ser%'es the purpose 
very 'jvcll. The lens system of the lantern is removed and if 
necessary a modem pointolite screw cap bulb of about 
500 watts is fitted. The micrtwcope is better with a condenser, 
because this improves definition. It is important to mount 
the microscope so that it docs not wobble and to cover the 
apparatus with metal sheeting bent appropriately where 
light escapes. An additional light shield round the eye-piece 
see fig, 6) is an additional help to good screen definition. 
You can by this means get a brilliant image of a transparent 
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section or object a ^ indt objective (NJU 0.17) and a 
good image, though le^ bnlliant, with inch objective 
(NA- 0.65). 

5. Wheatstone Bridge 
■WTiy schools buy "^VTieairtonc bridges when they arc so 
easily made I do not know. All that is required arc a good 
baseboard, strip brass about 4 inch wide, terminals, a metre 
length of rcristancc wire, a metre-rule, and some odd pieces 
of metal to make a jockey. WTien the parts are assembled 
they make a Wheatstone Bridge just as efficient as one that is 
bought. The only part which presents any difficulty is the 
jocke>' which requires more skill in its making than the rest 
of the bridge. 

3. Potentiometer 

This is simpler to make than a Wheatstone Bridge, because 
it is essentially a component pan of the bridge. It should be 
possible to make half a dozen of these at the same time. 

4. Light Ray Apparatos 

The main part of this is the light source and the lens 
system to provide a paralld beam of light. A laboratory 
should be fitted with a 12 \-oIt supply (see chapter 13) and 
the light ray is best made to work off supply. The appara- 
tus can either be in units consisting of a lamp fitted in a 
reflector, cylindrical lenses in holdcn, metal plates with slits 
and holes, plane and spherical minors and prisms; or it can 
be made in a more permanent fonn. In the more permanent 
form some kind of optical bench should be made as a basis 
so that the other components can be fitted on. The simplest 
would consist of two lunged metre rules. and minor 
stands can be made to clip on the end of the rules. The rules 
provide ready' means for measuring distances, 

5. SotL-TEsriNc Outfit 

It is desimble when out on a nattue ramble to make soil 
tests in the field in addition to bringing soil back for detailed 
analysis. For this purpose some container is necessary; it 
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might consist of an old attach^ case or a Jiaversack or a 
wooden box with a carrying liandic. Altliough the Jast is 
the heaviest of the tljree to carry, it has the adv'antage that 
the contents are not likely to be crushed. For the purpose of 
soil testing there should be a bottle of B.D.H. Universal 
indicator, a porcelain dish, a lOO ml. beaker, a bottle of 
distilled water, a funnel, a supply of filter paper, a capillator 
comparator and pieces of capillary tubing of the same dia- 
meter as the tubes in the comparator, ft is not difiicult to 
make your own comparator provided you have the same 
proportions ofindicatornnd water in the comparator as }vu 
use for the soil test. You should also have a small bottle of 
dilute hydrochloric acid to test for calcium carbonate. The 
wooden case should be made with compartments so that these 
articles fit in compactly. 

6. Ecolooxcal Apparatus 
There are various kinds of ecological apparatus svhich can 
be made. For pond work, three types of net can be made. 
A plankton net (see fig, 7) can be made from fine silk, a 



Fig. 7. Plankton Net. 


wre ring, a cane and a supply of test tubes. If the mouths of 
the test tubes arc given a svider lip by some simple glass- 
blowing it makes it easier to fit them in the silk net. A pond 
net (fig. 8) can be made 
from muslin, wire, and a 
cane. A drag net needs to 
be of strong construction^ 
but can be made satisfac- 
torily with strong coarse 

canvas or hessian, strong fig. 8. Pond Net. 
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rigid wire and ropes (see fig. 9). There should also be a pond 
scoop consisting of a metal sieve at the end of a rod, and it 
should be possible to mate this (see fig. 10), 
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winding reel' 
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By means of a type of fishing line (see fig. 
12) svith a sinker, it is possible to measure the 
depths of a pond and thereby map the 
pond. 

Other types of ecological apparatus which 
can be made include a beating tray, sweep- 
nets, butterfly nets, suckers, clinometers, 
measuring rods and lines, and light testers. 
Some information about the making of these 
can be found in books or pamphlets.* The 
i beating tray should be such that one person 

O can use it, holding it with one hand and 

Fig. 12. beating with the other (see fig. ii). 


Suckers can be made from $ inch by i inch specimen 
tubes (see fig. 13). 



Fig. 13. Sucker. 
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7. Vivaria, Aquaria, etc. 

Vivaria can be made quite easily; a useful design is 
illustrated in fig. 14. A good appearance in a piece of appara- 
tus, c\'cn in a vivarium, should be aimed at. Of course, 
adcquac)' in fulfilling 
function is the main 
quality in a piece of ap- 
paratus. A vivarium 
should pro%'ide a good 
home for what it is in- 
tended shall be kept in 
it, be it lizards, frogs, 
toads, a grass snake, 
cockchafers, silkworms 
or stick-insects. It is desirable to have about six vivaria of 
different sizes because a grass snake would want a larger 
home than a cockchafer. 

Aquaria are not so easily made because of the difficulty of 
making them waterproof. UriJess either the sdence teacher 
or the laboratory assistant is an expert craftsman, 1 would 
suggest that it is better to bu)* aquaria. IT they are bought, 
I recommend the angle-iron type because they are stronger. 
Not only that, but if one side ^comes broken it can be re- 
placed quite easily, but if an all glass aquarium is broken it 
is finish^. 

If an aquarium b mad^ it will be of the angle-iron type. 
It is essential that the glass plates meet along their edges and 
that w'alerproof cement b used. Thb can be obtained from 
laboratory fumbhers.* For a sea-water aquarium it is 
absolutely essential that no S2ilt water comes into contact with 
the metal since it readily corrodes the iron used in making 
the angle irons.' 

8. Auxanoueters 

Two tjpes which have been made are illustrated in the 
drawings (figs. 15 and 16). One was entirely made from scrap 
matcriab including an old alarm clock found in a bin. To 
the minute hand axis of the cl(Kd: b attached a circular plate 


Hg. 14. VK’arium. 
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With two pegs 180 degrees apart. These move a smoked 
glass screen every half-hour and thereby cause the pointer 
(see fig 15) to make a mark. The pointer is attached to a 
lever wliich in turn is attached to the growing plant at the 




Fig. t8. Auxanometer. 
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opposite end. By measuring the difference betv,'cen the marks 
it is possible to calculate the rate of gro\vth of the plant- 
Tlie other type of auxanometer illustrated is simpler, but 
works quite wdl nev’crtheless. It largely depends on having a 
long lever svith the fulcrum near to the plant end so that the 
amount of gromh is magnified considerably in the recording. 


G. Improvisation of Apparatus 

The impro%’isauon of apparatus is just as important as the 
making of apparatus. Basic pieces of apparatus can be 
assembled to make more elaborate apparatus, which is 
usually just as efficient as apparatus made up for the purpose 
and sold by laboratory furnishers. 



Fig. »7. 


Apparatus can be fitted together to make equipment to 
demonstrate such experiments as convection, distillation 
under reduced pressure, manufacture of sulphuric add, 
modd gas works, electric^ dbtribution, how water finds its 
own Ics'd and separation of the gases of the atmosphere. 

To fit up apparatus of this kind requires mainly <vni in 
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fitting and boring corks and I.R- stoppers and the bending of 
glass tubing. It is also useful to be able to cut glass tubing 
for making articles like a Force pump and a Suction Pump, 
This glass tubing can be cut with a file or better still a G. & T. 
glass knife.* ^V^dcr tubing is best cut by working a scratch 
round it with the glass knife and placing damp filter paper 
round on each side (see fig. 17). Then heat the shaped metal 
and hold the metal so that the curved part follows the line of 
the scratch; this should be sufficient to make a clean break. 
With thicker glass tubing the method can be modified by 
impinging a fine blo>v-pipe flame on the scratch or by 
^vrapping a bare copper wire round the tubing in the posi- 
tion of the scratch and sending an electric current thfough it 
so that it becomes red hot. 

It is also an advantage to ‘.be able to carry out not only 
simple soldering, but also silver soldering. For the former it 
will be found convenient to have a bobbin of solder with a 
core of fluxite and to use an electric soldering iron. More 
permanent joints between metals can be made by silver 
soldering, Tlus requires a small forge which should be avail- 
able in the metal-work room. 

Ability to bore holes in glass tvith a china drill (see fig. 18) 
is also useful. This skill will be found useful in many ways. 
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For example, it may be necessary to bore a hole in the top 
part of a glass aquarium in order to make a tidal-sea water 
tank (see fig, 19). 



It may be desirable to make a thermostat for various 
experiments. Such a thermostat will be found particularly 
useful for maintaining cultures at the correct temperatures. 
The one illustrated in the drawing (fig. 20) was fitted up to 



show the contraction of the musefe m a ffog's /eg wficn 
treated irith extract of nettle leaves.* The muscle has to be 
kept at a special unifonn temperature. A thermostat is 
experuive to buy, but can be fitted up comparatively cheaply 
from ihc followng components: a large tank, electric motor 
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to operate stirrer, air thermometer, automatic cut-out and a 
good supply of glass tubing- A good deal of science can be 
taught in conjunction wth the thermostat, c.g. applications 
of air expansion, electro-magnetism, electric currents and 
convection problems. 

Relative density is often made far too academic in schools 
particularly when relative density bottles are used. These 
arc unnecessary besides being rather expensive. An ordinary 
flask %vith a cork pierced by a fine hole will serve the same 
purpose. The volume of the flask does not often come into 
the calculation,* the exact volume of the relative density 
bottle is the main reason why it is expensive. A good applica- 
tion of Relative Density and Archimedes' Prinapic is a 
quick method of finding the rdaii\*c density of potatoes 
which I shall briefly describe. 

A number of sodium chloride solutions .ire made up 
according to the following formulae: 


TABLE I. 


Relation between the concentration of a solution of common 
salt and its specific gravity at so* C. 


Per cent N»Ct Concentration of Approuajate wright Speeific 
in the solution NaCI (cm. per L of NaCI fo be gr*nty 
(m’/it) ofs^utton) dissolved ia }D 

gab. of water 




lb. 

OZ. 


8 

84'5 

8 

II 

1-0559 

9 

95-7 

9 

» 4 i 

1.0633 

10 

107.1 

11 

li 

1.0707 

tt 

tz 8 .G 

13 

ft* 

1.0782 

12 

13Q.3 

*3 

9I 

1.0857 

*3 

143.1 

H 

Mi 

t -0333 

H 

i 54 .t 

iG 

5 

i.ioog 

>5 

166.3 

n 

11 

1.1085 

i 6 

178.6 

19 

li 

1.11G2 

*7 

tgt.r 

20 

8 


i8 

303.7 

32 

0 

t-> 3»9 

*9 

S16.G 

23 

8 

1.1398 

so 

32C).6 

25 

0 

X.1478 


(Catrart from tV. C. 

Barton, TXr p. a86) 



100 SCIENCE TEACNINQ IN EECONOARV MODERN SCHOOIS 

These are best kept in wide-mouthed jars; a lb. Kilncrjan 
will do quite well. If the rdaijvc density of the particular 
solution is marked on the jar containing it, then the relative 
density of a potato can be detennined quickly as follows: 

Using wooden longs or tongs made of perspex, find out in 
which solution the potato just sinks. The relative density of 
this solution is the relaUvc density of the potato aecording 
to the Law of Archimedes. 



I will conclude this section by a few words about volta- 
meters. Very often the voltameters supplied by laboratory 
furnishers arc too small for a class of children to see. It is 
much belter to make a voltameter which will go in the lan- 
tern in the place of the slide carrier. A U-tubc coidd be used 
for this purpose haring platinum plates attached to platinum 
wires which go through the rides of the glass at the base of 
Ac U-tubc (fig. 2 ij.^Vhen Ac dcctrolysis b taking place and 
the lantern b switched on, Ae children vdll be able to sec a 
silhouette of Ae apparatus and Ae bubbles in Ae liquiA It 
will'tie necessary to use a supplementary lens in front of the 
lantcro^ order to give an upright image on Ae screen. 
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D. Repair of Apparatus 

In order to repair apparatus, a teacher must cultivate 
certain skills. These arc considered in chapter 6. The amount 
of repairing necessary will depend on how well the children 
are trained to handle apparatus and also on the care of the 
teacher himself in dealing with apparatus. It also depends on 
how the laboratory or science room is arranged; this is con- 
sidered in the next chapter. 

All apparatus requiring repairshould be put in one special 
place and dealt with fairly soon. There is a tendency in some 
schools to put apparatus needing repair in the store room 
with the good intention of dealing with it, but it oflcn 
becomes an intention only, which never materialises. 
Apparatus which cannot be repmred on the spot should 
ritherbesent away promptly for treatment or tljrown away. 
Time should not be wasted m trying to repair things which 
are not worth it, as for instance endeavouring to seal the 
bulb of a Bask when it has blown a small hole. 

Repairs can in general be divided into simple ones and 
more elaborate ones. In the simple class there are such jobs 
as rewiring electric bell connections; rounding off the jagged 
ends of glass tubes that occur when pieces of apparatus with 
fitted glass tubes have these tubes snapped off; removing 
biological specimens from cracked containers when these 
contain liquid preserwng fluids; dcaning the jets of Bunsen 
burners; and tightening terminals on various kinds of 
electrical instruments. 

Repairs wluch come in the larger category are such kinds 
as those I shall enumerate. 

Thermometers may have had (heir mercury columns 
dmded. The columns can usually be joined either by shak- 
ing, placing the thermometer bulb in freezing mixture or 
heating it. Barometers may through ill treatment loose 
mcKury. They, have then to be refilled. This has to be done 
by filling the barometer tube vnih mercury and then invert- 
ing it into the reservoir without allowing air to enter. Such 
a technique requires some skill and it is usually found that the 
best way to do it is to place a small rork in the tube which is 
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not released until the barometer open end is below the 
mercur>' in the reservoir. 

There is not space to give detailed instructions for treating 
all kinds of repain likely to be required. 1 will mention 
the kinds of repairs likdy to be needed. Voltmeters and 
ammeters sometimes need adjustment. Tlic soldering iron is 
often useful in repairing connections in model wireless sets, 
in electric motors and dynamos. Sometimes transformers or 
coils need to be ^e^^ound. Condenser plates in rectifiers and 
svircless sets have to be straightened. 

If dihcr the science master or the laboratory assistant is 
skilled in glasblowng it should be possible to carry out 
repairs to broken glass-ware of the more expensive kinds such 
as Liebig condensers, distillation flask#, and still-heads. In all 
these cases it sfiould ahvas's be comidcred whether it is worth 
while to spend time on carrs-ing out the repairs. Usually it is 
not worth the time spent to try and repair serious breakages 
in any kind of glass apparatus. 

Sometimes the glass eoverslips of prepared slides get 
scratched by Io>»cring the olyecih'e of the micrescopc so 
that it presses on the slide. This should not happen if pupils 
have b«ri trained properly to use a microscope. To repMr 
such a slide it is necessary to remo^'c the broken co\'cr slip, 
dissolve off the mounting agent and remount the specimen 
in fresh mounting agents. Unless the teacher can find out 
what the mounting agent b, he may disco\-cr that he is wast- 
ing his time, for example, if the mounting agent has been 
euparal, and he attempts to clear it svith x\-lcne he will 
produce an opalescent mess and in the process may lose the 
specimen. 

^Gcro5Copcs sometimes require attention. Substances such 
as Gmada balsam get on the objective. These have to be 
removed carefully with xj-fcnc on a piece of cotton wool. 
Care should be taken to remm-e excess of xylene immediately 
so that it %»ill not penetrate the intenticcs betn een the com- 
ponent lenses in the objective. At times the rack and pinion 
mov’daent becomes stiff; when this happens the coarse 
adjustment should not be forced or the movement may be 
-strained. This occurrence is sometimes caused by a hard 
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piece of grit getting in the teeth. Tlte best procedure is to 
take the draw tube out and examine the rack and pinion 
mechanism. It may be necessary to straighten the cogs care- 
fully with a strong steel instrument. 

Sometimes burette taps become stuck and will not move. 
If they are kept greased with a suitable mixture they will not 
get in tills state. Such a mixture is made by melting together 
equal parts of resin cerate and vaseline. However, if they do 
get stuck the best method I have found of loosening them is 
to dry the tap part thoroughly by gently heating in a Bunsen 
flame. When it has been aUowcd to cool pour some petrol in 
the burette and it will be found that as a rule it wiU penetrate 
the junction between the lap and the bore. Of course, if this 
happens the tap will be loosened. If this treatment wiU not 
put matters right the best thing to do is to remove the tap and 
jet by making a scratch svith a glass knife just above the lap 
and briskly snapping it oiT. The broken end can then be 
smoothed off in the blowpipe flame and svhen the newly 
made jet is cool a rubber tube and clip can be attached and 
the burette is once more a serviceable instrument. 

E. Maintenance of Apparatus 

Apparatus always lasts longer if it is looked after well. Yet, 
how often is this the case in schools? 

An elementary prindplc which is not regularly observed 
is that of putting apparatus away only when clean. This 
particularly applies to apparatus used in chemistry. If 
flasks, beakers, test-tubes and other apparatus cannot be 
cleaned immediately they should be put into a special place 
for apparatus needing to be cleaned. It is not so trivial to 
mention this as it may at first appear. 

For the cleaning of glassware the most necessary items of 
equipment arc swab cloths, tea towels, and draining pegs. 
The materials most useful are hot water and soap or some 
synthetic detergent like “TeeptJ"* or '‘Brylana.”’ When the 
apparatus has been washed clean it should be left to drain 
and after the inside is dry, the outeidc only can be dried with 
a tea towel. Then the apparatus can be stored away. 

When apparatus has to be cleaned and dried quickly, it is 
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best to put it in the hot-air oven after washing. This will 
quicldy dry the apparatus. 

Lenses and mirrors should only be cleaned by the teacher 
and then only lens cleaning tissue* should be used. After use 
it should be thrown away. 

Metal work requires periodic care. Retort stands, tripods 
and other iron equipment should have an annual coating of 
aluminium paint, black stove enamel, or Brunswick black. 
If they are rusty, then the rust should be removed with emery 
paper before painting. It is a good plan to nm over most • 
metal in a laboratory sviih an oily rag once a week to prevent 
rusting. If brass-ware is corroded or tarnished it can be 
cleaned svith a Uquid consisting of concentrated hydro- 
chloric acid containing as much oxalic acid as it will dissolve. 
The screws of clamps and other apparatus, Bunsen burner 
parts and gas taps require an occasional oiling, or greasing 
with tallow. 

Sinks should always be kept scrupulously clean. This is 
not the job of the school caretaker; because he will not know 
how to remove dye stains (from microscope stains), for ex- 
ample. If sinks are always mainUuned in a clean condition 
stains are not likely to be difficult to remove. 

^Vhen such stains do not disappear on the application of a 
scnibbiug brush and hot soap and water, try various oxidis- 
ing and reducing agents such as sulphur dioxide solution 
and hydrogen peroxide solution. 

Crucibles arc sometimes difficult to dean. If hot soap and 
water will not remove the material then it may be possible 
to bum out the substance with a hot flame. After that such 
corrosive liquids as technical hydrochloric acid and caustic 
soda solution may be tried. Use them first cold and then hot.- 
These liquids may also be applied to residues in flasks and 
beakers. 

Just one last point that is often overlooked. The glass 
stoppers and stop cocks of measuring glass-ware should be 
attached to the parent body by copper wire so that they do 
not get lost. Since taps and stoppers in this kind of apparatus 
arc ground to fit, no other tap or stopper is likely to serve in 
the place of the original. 
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CoMuoN Stock 


For a laboratory to accommodate 25 children 


Qyaniily 

Required 

50 

50 

50 

50 

50 

50 

to 

85 

85 

to 

3 gross 

1 gross 

2 lb. 

2 lb. 

2 lb. 

2 lb. 

3 lengtlis 
3 lengths 

6 

35 

4 

15 It* 

*5 ft. 

15 ft. 

5 ft. 

35 

35 lengths 


Descripiton of arlicUs required 

Vytex glass beakers, squat form with spout, 
250 ml. 

Pyroc glass beakers, squat form with spout, 
500 rnl. 

Pyrex glass beakers, squat form with spout, 
1000 ml. 

Pyrex glass flasks, conical, 500 ml, 

Pyrex glass flasks, flat bottomed, 500 ml. 

Pyrex glass flasks, round bottomed, 500 ml. 
Pyrex glass flasks, round bottomed, 1000 ml. 
Glass Wter funnels, plain, 15 cm, diam. 

Glass filter funneb, plain, to cm. diam. 

Glass funnels, for filling burettes, 3 em. diam. 
Test-tubes, Unific, 6 ins. by J in. 

Boiling tubes, Pyroc, 6 ins. by i In. 

Glass tubing, fi mm. ext. diam. 

Glass tubing, 5 mm- ext. diam. 

Glass tubing, 4 mm. ext. diam. 

Glass tubing, 4 mm. ext. diam. capillary 
Combustion glass tubing, 30 cm. by 20 mm. 
Barometer glass tubing, 8 mm. ext, diam. 
U-tubes, plain, 4 tas. by J in. 

Watch glasses, concave with ground edges, 
7 cm. diam. 

Calcium Chloride drying lowers with tubulurc 
at bottom, 12 in. by 2 in. 

Rubber tubing, 4 mm. int. diam. 

Rubber tubing, 5 mm. int. diam. 

Rubber tubing, 6 mm. int. diam. 

Rubber tubing. Pressure 5 mm. int. diam. 

Bunsen burners, 13 nun., laboratory pattern 
Tubing for Bunsen burners with special fitting 
2 ft long 

E 
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Quanii^ Dw^i^lzon t>f artules requiud 

I Bats\ving burner on cast iron base 8 in. high 

1 gross Corks to fit 500 ml. conical flasks 

I gross Corks to fit 500 ml. flat bottomed flasks 

r gross Corks to fit 500 ml. round bottomed flasks 

I gross Corks to fit test-tubes, 6 in. by } in. 

I gross Corks to fit boiling tubes, 6 in. by 1 in. 

I gross Corks, assorted, r in. to 3 in. diam. 

I gross Corks, assorted, i in. to s in. diam. 

12 Rubber bungs to fit 500 ml. conical flasks 

12 Rubber bungs to fit 500 ml. flat bot. flasks 

12 Rubber bungs to fit 500 ml. round bot. flasks 

12 Rubber bungs to fit boiling tubes, 6 in. by 1 in- 

24 Assorted rubber bungs, one holed 

24 Aborted rubber bungs, two holed 

I Glass tubing cutter (c.g. Griffin & George 
No. 823-697) 

1 Set cork borers, in. to 1 in. diam. 

I Cork presser, malleable iron base, on wood board, 
ribbed wheel witit eccentric motion 
1 pair I-aboratory scissors, 6 in. 

1 Hammer, Canterbury claw pattern, 8 oz. 

2 Chisels, wood. Firmer (i, 4 in.; i, i in.) 

6 Bradaivls 

I pair Cutting pliers, 6 in. 

j Tenon saw, 10 in. 

I pair Pincers, 6 in. 

1 Vice, engineers, 2J in. jaws 

I Electric soldering iron, light pattern, for 230 v. 
A.C. 

I Mercury tray, whitc\vood, i in. deep with hole 
and peg in comer 

35 Triangular tripods, 5 in. sides, malleable iron top 
35 Iron wire gauzes, 15 cm. square with circular 
asbestos centre 

35 Pipeclay triangles, 6.5 cm. (for above tripods) 

35 Sand baths, 15 cm. dia. firmed iron plate, 
shallow 
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equired 

35 

18 

2 


4 

4 


35 

23 

13 

13 

3 
6 

4 


18 

18 

18 


1 lb. 
iB 
. 6 
G 
18 


Dtscnptinn of (uticUs requirti 
Test-tubes brushes 

Test-tube racks, hardwood, 6 holes, 22 mm. diam. 
6 pegs 

Test-tube racks, hardwood, 18 holes, 22 mm. 
dIam., 12 pegs 

Wood blocks, assorted sizes for raising apparatus 
Wooden burette stands, sin^e 
Funnel stands, wooden to take 2 funnels 
Pestle and morLar, unglazed porcelain, in. 

diam., pestle fitted with wooden handle 
Pestle and mortar, unglazcd porcelain, 7 in. 

pestle fitted with wooden handle 
Pestle and mortar, unglazcd porcelain, 10 in. 

diam. pestle fitted svith wtkKJcn handle 
Pestle and mortar, iron 8 in. 

Iron retort stands with bosses and clamps 

Iron rings for above ivith boss heads, 2^ In. di-am. 

Iron rings for above with boss heads, 4} in. diam. 

Iron rings for above with boss heads, 6{ in. diam. 

Thermos flasks, i pt. size 

Porous pots 6 in. high for diffusion experiments 

Boxes gummed labels, 9 by 4 cm. plain in looo'a 

Piivsics Apparatus 
a laboratory to .nccomraodatc 25 children 
Rectangular Glass Blocks, 10 by 4.5 by 2.5 
cu. cnw. 

Prisms, 45* by45* by go*. Not optically worked 
Drawing boards: lamimitcd pl>'wood wlh hard- 
wood edges, i6 in. by 23 in. 

Pins, 46 mm. 

Plane mtrron, 3 i«. by 4 in. strips, unmounted 
Convex mirrors, 50 mm. dia., t'arioui f.l. 

Concave mirron, 50 mm. dia,, various f.l. 
Bi-com"ex mirron, 50 mm. dia., various f.l. from 
5 cms. to 20 cms. 
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Q^nlUj Dtjcripiiott of OTtlcUs uquirei 

rtqwud 

6 Bi-concavc mirrors, 50 mm. dia., various f.J. from 
5 cms. to 20 cms. 

x8 Magnets, cobalt chrome, cylindrical 6 in. by | in. 
dia. 

18 Simple type compasses (needle fixed in 2 glass 
plates) 

3 lb. Iron filings, ordinary quality 

18 Sifters for iron filings 

1 Large compass needle, 10. cms. with agate axis 
on stand 

1 Dip needle, metal stand to carry needle on 
rotating brass base graduated 0-90 four times, 
graduated arc 0-90 in single degrees with 
silvered scale, fitted to upright. Needle care- 
fully balanced on steel axis 
J card ca. Fuse wire, 5, 10, 15 amp. 

6 ■ Lcclanche cells, 2 pi. 

■ 6 Copper plates, 10 by 5 sq. cms. 

. 6 Zinc plates, 10 by 5 sq. cms. 

1 Modd lift pump, glass, mounted on hardwood 
board 

j Model Force pump, glass, mounted on hardwood 
board 

•2 Specific gravity bottles, light brown, 50 ml., 
adjusted with perforated stopper 

1 Inclined plane with heavy' metal base (e.g. 
Griffin & George, Microid Aaa-iis) 

3 Single pulleys, 15 cms. dia. in wrought iron 

3 Double sheave pulleys, 15 cms. dia. in wrought 
iron 

I Treble sheave Pulley, 15 cms. dia. in wrought 
iron . 

I "Wheel and axle compound, 15 cm. wheel, axle, 
7.5 cms. and 3.8 cms. mounted on board 

1 ■^Veston djiTcrcntial pulley block tested to J ton 
Pendulum bol», brass balls with screw eyes at top, 
■| in., i in., | in. diam. 


3 
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Quantity 

required 


3 pieces 
Id 

r8 

iB 

i8 

I each 


]8 

i8 

3 

i8 

6 


log 


DescripHen of artteUs required 

Compound bar, bars of copper and iron riveted, 
20.4 ems- hy 2.4 ems. 

Ball and Ring apparatus, Gravesandes 
Wood rod and Brass cylinder, with handle for 
conduction experiments 

ingenhousa apparatus to shew difTercnt con« 
ductiviiy of metals, 10 in. by 3 in. by 4^ in. 
high 

Davy Safety Lamp 
Copper gauze, 12 in. by 12 in. 

Thick metal c.'ilorimctcrs, iron, 4 in. by 2 in, by 
J in. walls 

Fell jackets to fit thick calorimeters 
Copper calorimeters thin 4 in. by 2J in. 

Wooden covers for thin calorimeters 
joo grm. cylinders of Cu;Fc:Al:Sn;Brass:Pb. 

Wet and dry bulb hygrometer. Mason’s 
Leslie’s cube, 13 cms. diam. 

Steam trap, glass, tviih corks 
Measuring cylinders, lOO m). on foot with spout 
Measuring cylinden, 250 ml. on foot with spout 
Measuring cylinders, 1000 ml. on foot witli spout 
Boxwood rulers, i metre, one edge ins. other cnis. 
Boxwood rulers, J metre, one edge ins. other cms. 
Chemical balance, 250 gm. sensitive to i mg. 
in case 

Spring balances, 0-250 grms. 

Compression balance with dial to read 20 kg. 
(or nearest) 

Compression balance with dial, 14 lb, by 1 oz., 

5 in. diam. 

Box iveights for chemical balance, i mg. 
to 50 grm. (Nivoc Grade III) or equal. 
MVoc spedaiidcs are made by d: 

George 

Set weights, avoirdupws, iron ring pattern, | lb. 
to 14 lb. 
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Quantity DtseripliM of artieUs reqmed 

required 

I Set weights, ^^ctric, iron, ring pattern, 250 grms. 
to 5 Kgs. 

18 Thermometers, Centigrade— 10® to +110* en- 
graved stem, enamelled back 
18 Thermometers, Farenhcit, — 10* to +220* en- 
graved stem, enamelled back 
I Max. and min. thermometer, Sixes, on metal 
scale with magnet 

1 Aneroid barometer in brass case, 5 in. diam., 
open face to shew working 

1 S>*phon barometer. Mercury', mounted on wood- 
en board with reflector 
a Boyles Law Tubes, ‘J’ tubes only 
1 Apparatus to shew that pressure is transmitted 
equally in all directions, glass globe with equi- 
distant holes and piston 

a Tin pressure cam, for atmospheric pressure 
experiments 

1 Archimedes bucket and cylinder apparatus (for 
teacher’s use) 

I Hydrometer, 0.700 to i.ooo 

I Hydrometer, i.ooo to 1.500 

I Lactometer, simple type with paper scale 
I Electric bell, svith 3 in. gong 
I Morse buzzer. No. i, 3 ohms resistance 

1 Key contact, Morse 

5 Switch plugs, ebonite base, brass blocks, with 
terminals and contact plug, 3 ways 
20 Flashlight bulbs, 2.5 v, 

10 Car bulbs, 12 v. 24 w,, bayonet fitting, 38 mm. 
20 Holders for flashlight bulbs 

10 Holders for car bulbs 

20 Sernv terminab. No. 3A, Btitbh S. Assn. 

20 Spade terminals, insulat^ sleeves 

Stop clock. Smith’s or similar type 
Roll solder with flux core 
Roll insulating tape, -J in. wide 
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iB 
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APrAJ4AWS AN*0 MATtRIALS III 

Chemistry Apparatus 
For a laboratory to accommodate 25 cbildren 
Description of articles riquhed 

Thistle funnels, 25 cms. long 

Circular pneumatic frougjis, 14 in. diam. by 6 in. 
deep, stout glass 

Circular pneumatic troughs, Jn. diam. by 

7 in. deep, stonc-u-are 

Cylindrical gas jars with heavy foot and ground 
fi.angc, 30 by 7.5 cms. 

Covers for gas jars, glass, circular, ground one 
side, 6.5 cms. 

Pipettes, Students, 25 ml. 

Pipettes, Students, 10 ml. 

Pipettes, Students, 5 ml. 

Pipettes, Students, i mi. 

Bureltcs, students type, 50 ml., fated with pinch- 
cock and reading to lo ml. 

Porcelain basins, 127 mm. diam,, c.ap. 375 ml. 

Dell jars, stopped, 30 cms. high, ground base, 
with plates 

Bell jars, with tubulurc at top, 30 cms. high, 
ground base with plates and solid rabber 
stoppers 

Aspirator, 3 litre capacity, with tubulurc at 
bottom, clear stout glass 

Leibig condensers, 50 cim. long, inner tube 
cupped at one end, and drawn out at other 

Dcssicators, Scbciblcn, accurately ground top 
and rim, fiat bottom with perforated zinc stage, 

8 in. diam. inside 

Stoppered Retorts "Pyrex” glass 250 ml. cap 

IVatcr Voltameter, funnel type with n'lcid 
electrodes {Allen & Moore) 

Porcelain Crucibles and lids Sillax, No- o, 19 ml. 

Bcehivt Shelves, earthenware, 12 cms. diam. 

Eartbemvare troughs, la in. diam. by 5 in. deep 
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Qjianlity 

required 

6 


i8 pis. 

3 

6 pkts. 
6 books 
6 books 
2 boxes 

s boxes 


3 ft. 


3 

a books 


Descriplim tf mticla nqmid 

Combusuon boats in glazed porcelain, Sill^ 

3l in. by i in. by i in. deep, one end rounded, 

Water bX! students, enamelled steel, 6 in. diam. 

4 in. high, fitted vdth 6 copper nnp ^ 
WoulfTs bottles svith 2 welted necks, 5 
capacity 

Brass Deflagrating spoons wnth caps 
Crucible tongs 

Spatulas, composition, 12 cm. long 
Wood splints 
Litmus paper, Red 

“An. diam. .(Griffin ^George 

FilmcpApTificms. diam. (Griffin ^George 

100 or equal) 

Asbestos mats, 20 cms. by 20 cms . 

Letter balance to weigh up to 50 for 

Filter pump, metal for fixmg to up, 
i in. pressure tubing and i in. B. 

India rubber pressure tubing t 

StUl for distilling water (e.g. Manesty) for fiai''S 

Blow'X’es, -mouth, N/P Brass, srith bone mouth- 

Ret At botdes, 8 oz.. 

Reagent bottles, l6 oz., with sand 

Cone. H,SO, H-.tcd labeb. 

Reagent bottles, l6 oz., with sand blastcu 

Cone. HCI. hinted labels- 

Reagent botdes, s6 oz., inth sand blasteo 

\ Cone. HNO, . . 

'Porcelain plates for reagent bottles wth 
Labels, varnished and gummed wth 3 
Vnd formulae 
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”3 


required 

54 

80 

90 


Deseription of eaitcUs required 

Winchester bottles, narrow necked, 3000 ml. 
Reagent bottles, 8 oz. sixe, plain, narrow mouthed 
Reagent bottles, 8 ox. size, plain, wide mouthed 
Buchner funnel, 6 in. diam. 

Filter flask for Buebner funnel, with bored 
rubber bung 


Biology Apparatus 


For a laboratory to accommodate 25 children. 


Quantity 

TeqmTtd 

l 


Description of articles required 

Klinostat, small size 
Auxanometer 


I ^^icroprojector 

I Nficroscopc (with 8X and toX eyepieces and 1 in. 

§ in. and i in. objectives) 

I gross Microscope slides 3 in. by t in. extra white 
i oz. Microscope cover slips Ko. 2, tav in. thick, 
] in. diam. 

18 Tripod magrufiers 4 cm. bbeonvex lens with 

adjustment 

I set Dissecting instruments comprising: 

i No. x: 1 No. 8: 1 No. 12: t No. 14 scalpels: 
I pr. forceps 5 in. straight: 1 pr. forceps 5 in. 
curved: i pr. 5 in. scissors straight: i pr. 5 in. 
curved scissors; 2 needles: i section Ufler, 1 


razor in case 

50 Needles mounted in wooden handles 
12 prs. N/P Forceps, blunt ends, 5 in. straight 

5 Collecting boxes, pocket size, to hold 5 corked 
tubes 

X Vasculum, japanned, with loops for shoulder 
straps, complete svith webbing straps, ax ins. 
by 10 in. bysJ in. 

1 Aquarium, angle iron, complete with glass, 
18 in. by X2 in. by 12 in. 
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Desaiptiott of articles required 

I Aquarium, angle iron, complete with glass, 

24 in. by 12 in. by 12 in. 

I Aquarium, angle iron, complete wth glass, 

30 in. by 15 in. by 15 in. 

1 Aquarium, angle iron, complete wth glass, 

36 in. by 18 in. by i8 in. 

I Electric aerator for aquarium 
1 Plankton net for pond dipping, complete with set 
of 3 sticks 

r Pond scoop complete with set of 3 sticks 
i ■ Butterfly net, Kite net frame, Ring IX in. diam., 
white mosquito net 
I pr. Perspex aquarium forceps 

1 Microscopic slide box for 100 slides, 3 in. by i in., 

grooved 

j Dissecting board, 22 in. by 15 in. 

50 Assorted specimen tubes and bottles 

12 Kilnerjars, 2 Ib. size 

4 SetUng boards (i each 1 in , 2 in., 3 in., 4 in. 
long) 

2 boxes Entomological Pins, No. 8 

2 Relaxing tins, zinc, 7 in. by 4 in. by 2 in,, corked 

at bottom 

4 Storage boxes for insects, 13 in. by g in. 


SUUUARY 

A. What should a school reqtusition? 

B. Making of apparatus. 

I. Microprojector. 

а. \Vheatstonc Bridge. 

3. Potentiometer. 

4. Light Ray Apparatus. 

5. SojhTcsting Outfit. 

б. Ecological Apparatus. 

7. Vivana, Aquaria, etc. 

8 . Auxanometerr. 
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G. Improvisation of Apparatus. 

D. Repair of Apparatus. 

E. Maintenance of Apparatus. 


Rererenors (Chapter Seven) 

* Sec Th$ TeachinsefScitn(tinSeeondaTySchQoU{^ohi\lA.\ixT&'j), 

page 1 18. Reference to explosion occurring with impure mixture 
of potassium chlorate and manganese dioxide. 

Also Board of Education Administrative Memo. No. 167. 

* See Inslruetiont fir ColUetors: Iiueeti. (British Museum: 
Natural History.) ts. fid. 

Also pamphlets of the Amateur Entomologists’ Society. 

* L, Walden, Laboratory CemaUs and JVaxes (Modem Science 
Memoirsj John Murray) . 

* G. S: T. Glass knife obuinable from GrilTm & George Ltd. 

* Experiments on nctile stings (effect on muscles), see iJis* 
eecery, April, 1948, IX, 4, r 07 , lOg. 

Also N. Emmelin fi: W, Feldberg, Journal of Bhysiolegy^ 1947, 
10^, 440, 

* “TeepoV' obtairtable from Shell Chemicals Ltd. 

’ “Brylaru” obtainable from George T. Gurr, 136NCW King’s 
Road, Fulham, London, S.W.6. 

* liens cleaning tissue obtainable from Flatten and Garnett 

Ltd. 



CHAPTER EIGHT 


THE RELATIONSHIP BETWEEN 
GENERAL SCIENCE AND APPLIED SCIENCE 

The only applied Sciences uicn in Secondary Modem 
Schools arc Rural Science and Domestic Science so I will 
concentrate my attention upon these. At the end of the 
chapter, I will briefly consider the impact of pure science 
upon vocations which have applied science as inherent parts 
such as cn^eering, building science, bakery, chemical 
engineering and pharmacy*. 

A. General Science and Rural Science 

1. School Garden; Livestock and Laboratorv 
It is essential in a school that the Rural Science should be 
based on pure science. There b no place in education for the 
school garden whose only purpose is the production of vege- 
tables for the school canteen. The purpose of the school 
ganicn should alvi'a>'s be educational ^vhether it be for 
instruction in Rural Science; a source of supply of specitnens 
for the Sdcncc lesson or the ale of outdoor lessons in the 
subject during good weather. 

School Rural Science should involve not only the garden 
but also livestock and seme practical work on actual farms. 
1 wish to deal with a number of matters relating to these 
broad disisions of the subjcct- 
Thc S'ast amount of scientific material to be found in the 
gardens and amongst the Ih’estock cannot be ov erdres sed. 
In the garden there is a source of plants of many different 
families. There arc also weeds; ifiseascs to be investigated 
and insect pets to be studieiL There arc numerous other 
animals such as woodlicc, spiders, birds and small mammals 
to be observed. Soil is another source of material for not only 
can ihc soil be anal>-sed, but also it is often true that there 
are difTcrent kinds of soil in different pans of the school 
garden. 
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The livestock offer sources of a difTcrent kind. There may 
be rabbits, pigs, poultry, bees and goats. Also there are the 
pests and diseases of these to consider. 

a. Horticulture 

Gardening today is much more scientific than it was 
twenty*five yeao ago. Soil can be analysed and as a result of 
the analysis, the necessary treatment can be decided. The 
acidity of the soil can be measured with great accuracy. 

Artificial manures can be applied with scientific skill. 
Under laboratory conditions we can grow plants under 
difTcrent circumstances with difTcrciU elements eliminated in 
turn from the nutrient medium in order to observe effects. 
At Long Ashton Research Station* plants are grown in sand 
to which solutions of know-n composition are added. This 
Station if crying experiments on the e/Teccs of such elements 
as boron, iron, aluminium and molybdenum. The work is 
revealing some interesting results. 

Germination can be studied both under garden conditions 
and in the laboratory. Studies in germination should go 
beyond traditional experiments with peas and beans. For 
example, the viability of seeds can be tested by having 
certain numbers on moist blotting paper in a Petri dish and 
noting the percentage germination. When this is tried Nvith 
different seeds, the accuracy of the %ures on the seed 
packets can be verified. 

The x'arious methods of propagation employed in the 
garden, such as disdsion, layering, propagation from leaves, 
grafting and budding can be considered scientifically. The 
part the cambium layer plays in most of these methods 
sliould be dealt with fully. 

The control of pests and diseases may also have its 
counterpart in the laboratory. Life histories of such pests as 
the dick beetle, cabbage root fly, blackcurrant mite, crane 
fly and earth louse should be studied. Diseases arc probably 
more difficult to study, because they involve a good deal of 
microscope work of rather high quality. 

Examples for die elaborate subject of plant structure can 
be obtained from the garden. Not only should we be able to 



1 18 SCIENCE TEACHINC IN SECONDARY MODERN SCHOOLS 

find monocotyledons and dicotyledons but also coiners, 
mosses, fems, lichens, fungi, and algae. Varieties of the differ- 
ent parts of plants can be found. Flowers of all types can be 
got from the garden such as actinomorphic, zygomorphic 
and aty-mmctrical. The relation between these and pollina- 
tion can be studied in detail. Then there arc different typ®* 
ofleaves of different shapes and sizes and textures. _ 

The garden provides an excellent opportunity for the 
study of weeds. Why do some weeds grow in some places and 
some in other places? W’hat is the best way of keeping down 
weeds?” 


3 . Forestry 

It seems to me that it would be good if schools, where 
possible, developed a small forestry estate. Trees arc the 
noblest of garden plants which when grov-Ti properly might 
be said even to possess charaaer. Excellent advice is given 
in books produced by the Forestry Commission.* The school 
plantation should contain trees of as many different kinds as 
possible both dedduous and evergreen; timber producers and 
ornamental trees. There should be a nursery where young 
trees are propagated and developed. 

Trees have pests and diseases peculiar to them. Dead trees, 
which even the school forestry estate \vill have from time to 
time, are favourite homes for beetles. The type of beetle 
inhabiting a tree seems to vary with the stage of decay. 
Beetle attack often follows fungal diseases, though fungal 
disease can arise through penetration because of a defect 
caused by other insects such as green flics and caterpillars. 

4 . Livestocr 

The school livestock presents a splendid set of types for 
comparative anatomy and ph)3io!ogy'. On the one hand 
there is that highly jslaccd social iascev the honey hce and 
on the other we have those interesting vertebrate types: the 
hen, the rabbit, the goat and the pig. Of course, it is alwa^’s 
desirable to study the mode of life of an animal l>cforc con- 
sidering its structure and the functions of its organs. In 
considepng these domestic types it is desirable to compare 
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them with their near relatives which arc wild and, if possible, 
knovm to the cliildrcn. The honey bee can be compared tvith 
the bumble bee and the solitary bee. The hen can be com- 
pared wth the wood pigeon. The rabbit can be compared 
with its wild counterpart and aiso other rodents. With the 
goat comparison is not so simple; we should have to take the 
children to the zoo o see similar wild types. The same 
remark would apply to the pig. 

The scientific reasons for care in looking after livestock 
might also receive attention. Judging by the bad way in 
^vhich domestic animals are often kept, it is evident that 
many people pay little regard to this matter. This must be 
due cither to ignorance or laziness. 

Any animal that lives under our care should have good 
conditions. Surely the zest for life cannot be denied our 
livestock. We may eventually kill tliem for food, but whilst 
they live they ought to live wdl. This is desirable not only 
from the point of view of the animal, but also because a good 
living animal gives a better food yield and also since the 
keeping of livestock in school is an educational matter, we 
must not neglect the important educational principles in- 
volved in the care of livestock. 

• The care of livestock should include good housing, cleanli- 
ness of living quarters and of dishes for food and water, and 
wcII-prcpared and adequate food. There should also be a 
sufficiency of fresh air without undue draughts, and with 
adequate natural lighting. 

(^od housing means not only well-made huts, but also 
that the huts are big enough. There should also be consider- 
ation given to the sodabiUty of animals. Some animals 
simply do not like to be alone; they should have companions. 
Tills remark applies to all domestic animals mentioned 
though there will have to be considerations regarding in- 
compatibility, such as the undesirability of keeping two adult 
buck rabbits together. Where there is the danger, of animals 
fighting, the mere sight of each other is usually enough social 
contact. 

Cleanliness of living quarters is important, because not 
only is it pleasant living in dean surroundings, but also 
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cleanliness keeps down pests. The sdcntlfic prindples behind 
this cleanliness should be made clear. When pests are found, 
they in themselves will provide good m^teriah for lessons. 
Such pests as the acarine mite of the bee and red-spider and 
the louse of the hen are most interesting subjects. 

The feeding of anmials h as important as the feedi n g of 
human bangs in many ways. They can no more do without 
carboh)’drates, fats, proteins and mineral salts than we can, 
though it may be desirable to have different proportions of 
these foods. They must also have vitamins, but not neces- 
sarily the same ones that wc have. This matter requires a 
good deal of investigadoo. 

5 , Garden Pond 

The garden pond offen much scope for science teaching. 
It is derirable that the pupils should make their own garden 
pond in a correct way. They should choose a good site and 
excavate to the desired deptk The floor should be cemented 
and should contain a drainage hole fitted to a pipe leading to 
a drain. The walls should be made by filling the space 
between the shuttering with cement and broken stone. A 
double wall with clay in the intervening space is best. The 
whole of this brings in much science. There is the mechanics 
of erecting shuttering to support such a load of cement and 
stones. Then the hydraulics of the water-filled pond can be 
carefully considered. The increased tensfle strength of re- 
inforced concrete over ordinary concrete might be measured 
in the laboratory. 

■When the pond is filled with water and then set up as a 
balanced life unit, wc have a most elaborate set of matcriaU 
for scientific study. There arc the seasonal changes to con- 
sider, particularly in the Spring and Auitunn, when, owing 
to the marimum dcitsity of water occurring at 4* G., there 
are convection changes at these times which interchange the 
ft3p and iwfrcwit iajerr ofa pontf. 

By having an artificial marsh and setting up plants to 
show the gradual change in type from xerophytes to hydro- 
phytes like lemna (which even has its roots bating) we have 
most useful material for the teaching of science. 
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Consideration of the animal life brings in a host of pro- 
blems. There is the divcniiy of animal types which includes 
members of such pliyla as protozoa, coelentcrata, platyhcli- 
minthes, annelida, ncmatoda, arthropoda and mollusca in 
the invertebrate category and amphibia and pisecs in the 
vertebrate category. There are problems of surface tension 
wliich obviously play a large part in the lives of plankton 
plants and animals and in those intriguing surface dwellers 
like notonecta, gerris and the water scorpion.* 

There arc also the problems concerned with what is called 
in a rather picturesque way, *‘the Web of Life”. Children 
should study changes in the population of a garden pond. It 
will change from time to time. Inc plants supply the ultimate 
food of the animal population. The animals can be diwdcd 
into predators and prey. Obviously if the food supply of the 
predators runs out, llicre ^viil soon be no predators. 

The garden pond can be compared with natural fresh 
waten such as streams, riven, dew ponds, ponds and lakes. 
They are all different and present different aspects of the 
problems of freshwater life. 

6. The Greenhouse 

The pond tends to be a restricted community apart from 
what can enter into the pond or alternately leave. This 
entrance and CMt may be affected by walking or flying. 

Tlie greenhouse abo tends to be largely a dosed commun- 
ity apart from what gets in tlirough tiic open windows or the 
door and what is brought in with the soil, the plants or the 
human entrants. 

The greenhouse diffen fundamentally from the pond in 
that it is usually estabUshed for the purpose of raising seed- 
lings, gro\sring special flowen such as chrysanthemums, 
primulas and cinerarias, growing early lettuce and growing 
tomatoes and cucumber. 

It ^vould be useful if schools could have at least two green- 
houses, one for the purpose just mentioned and the other wr 
the purpose of scientific experiment. Scientific experiment 
might for example indude culture in plant pots using sand 
for such phancs as sugar beet and potatoes with definite con- 
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trolled mineral deficiencies. We can get a power of control in 
the greenhouse which is not possible out^de in the garden. 
But we must not delude ourselves with supposing that our 
control is perfect. Insects can get in through the ventilators 
and fungoid spores can also get in this ^s*ay. 

Where insect pests do get into the greenhouse, we may 
have excellent opportunity to sliow methods of biological 
control by the Intr^uction of a predator. If we arc unfortun- 
ate enough to have an attack of white fly w’C should introduce 
Encarsia/ormesa (a cbaldd wasp). This metliod of control, 
which is now being used on quite a large scale,'will possibly 
supersede the spraying methods in due course ^V’hcre applic- 
able, it is found to be more thorough, because the predator 
has searching powers not found in droplets of spray. It has 
also the tremendous recommendation of cheapness in com- 
parison with the chemical methods. 

In connection wth the greenhouse, sve must not forget 
the practical application of the use of the maximuco and 
minimum thermometer and of light intensity. The heated 
greenhouse also presents scientific problems concerned with 
fuel and convection. 

7. The Farm 

The farm brings in many of the sdcntific principles 
already considered in relation to the school garden and live- 
stock but it also introduces other sdcntific problems. 

Crops gro^vn on farms arc produced on a much bigger scale 
than the school garden crops and the)' often differ in kind. 

The cultivation of a field of ten acres is a very different 
proposition from a school garden of one acre. "What is more, 
such a field may be planted with one crop. If the fanning is 
to be economic^, as indeed it must, then the ploughing, sow- 
ing, tillage and harvesting mmt be accomplished in the 
shortest possible time b>' the most clTideni means available. 
'Where possible machincrj' should replace manual labour 
because it is not only cheaper, but quicker. All this involves 
scientific planning of quite a Ingh order. 

This also introduces the subject of the farm implements. 
These are all based on wdl tiied and often undent mech- 
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anicn] devices such as the lever, and its dcris'atjvcs: the 
scresv and the ^vllccI. Power driwt machines like the tractor 
and combine liarvcstcr also bring in the internal combustion 
engine. In a school course it is interesting to consider the 
historji’ of farm implements for it is a \try fascinating subject. 

The treatment of pests and diseases has to be done on a 
large scale. This involw ehaboratc spraying machines of 
various kinds according to the area to be costred and the 
acrcssibilily of the crops. Spray noizlcs prosnde a topic in 
themselves. Tlicse are verj* carefully designed in order to wet 
surfaces adequately. 

Tlie farms in the vicinity of a school may go in mostly for 
fruit cultivation mch as apples. Tlus special type of cultiva- 
tion should be considered from its scientific angle. There 
may be special crops such as asparagus, rhubarb or early 
tomatoes. These .all bring ibetr peculiar problems.* The 
grotving of rhubarb in the dark to get an early crop involves 
a phototropic principle. It ha very strange sight to see about 
an acre of rhubarb groiving in a dark shed only illuminated 
by electric light for cultiv.stion and harvesting. 

A farm may be largely concerned with milk production, 
or stock-raising or egg production. Tlicse types of farming 
bring in considerations of .animal breeding. The best milk, 
the best meat and the finest eggs are obtained from carefully 
bred and selected animals. There is probably no better way 
of intrtxlucing the subject of genetics than through the kind 
of animal breeding necessary for good farming. 

Animal pests and diseases should also receive considera- 
tion. Tlicse are usually very interesting for they have usually 
quite intriguing life histories. Tlic warble fly* for example, 
begins its life as an egg on the hair of a cow’s leg. When the 
grub hatches out it crawls into the flesh upwards to the gullet 
of the cow. No one appears to liare discovered why the grab 
finds its way to the guUct.-It may be to obtain a store of air; 
alter all, certain beetles and water spiden come to the surface 
ofa pond to collect air bubbles which are us«l in respiration, 
from the gullet the grub migrates to the back of the cow 
where it pupates. The pupa wriggles out through the skin of 
the cow and falls to the ground. In due course the adult 
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Stage is reached. Tlie adult flics mate and then the females 
go along and lay eggs on the hairs of cows’ legs and so the 
insect carries on. Tliis is but one example of the pests. 

Finally in connection with the farm there is the question 
of milk production.* The question of pure and good quality 
milk has been brought to our notice very much of late, par- 
ticularly in connection with milk for children. There arc still 
farmers selling milk who do not appear to understand what 
is meant by pure milk. It is desirable that not only farmers, 
but also the general public should understand the scientific 
principles underlying milk production. It begins with the 
maintenance of good petligrec herds of cattle. Tliesc arc kept 
under good conditions including sound housing and a 
conccily balanced dlcL 

Modem milking is usually carried out electrically and 
records are made of j-iclds. Very often the milk goes from 
the farm in containers to be pasteurised or sterilised at a 
centre. The difTcrent treatments should be made clear to the 
children. It Is also desirable to explain the difference 
between pasteurised and sterilised milk. Cleanliness at all 
stages of the procedure is an important factor. 

B. General Sc!ence and Douestic Science 
Let us consider the rciationship under four headings, wz. 

Nutrition and Food Preparation. 

Laundry 'Work. 

Cleaning. 

General Home Management, 
j. Nutrition and Food Preparation 

It is still true to say that fbod is often spoiled in its prepara- 
tion. Although Domestic Science is primarily concerned 
wib Seed prepar3tji>a, iiicre shfjaid be certain r^vU-deSsed 
sdcntific principles considered. 

In general, raw food has higher food values than cooked 
food. The question then arises: why cook it? In the ease of 
such foods as cheese, tomatoes, slrawbcTries and apples tliis 
question might well be a^ed seriously. From a nutritional 
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point of view there are only two good reasons for cooking 
food; (t) to destroy spores of fungi, eggs of parasites and 
minute animals that do occur on some raw fijods such as 
pork, most fish, mushrooms and cabbage; (2) to make the 
food more readily digestible, c.g. by breaking down the cell 
walls of rather hard vegetables, such as potatoes, pairsnips 
and artichokes, and by breaking up the tough tissue of 
certain kinds of flesli such as steak. There arc, of course, in 
addition certain psychological reasons for cooking food, but 
these do not concern us here. 

Consideration of the principles of nutrition is pure science. 
An understanding of carbohydrates, fats, proteins, mineral 
salts and \ntamins is desirable on the part of all adults. The 
subject is too involved for more than a superficial knowledge 
to be expected. But the study should not stop here. 

There is the question as to what happens to food and drink 
when it enters the body. A knowledge of digestion and 
assimilation is desirable. The matter of the effect of enzymes 
is becoming of increasing importance in our knowledge of 
nutrition. Thought should also be given to elimination which 
is essential to the well-being of man. 

2. Laundry Work 

The importance of changing and washing undergarments 
cannot be overstressed. There should be some knowledge of 
the different properties of cotton, wool, silk, artificial silk, 
linen and nylon so far as human wear is concerned. Their 
various degrees of insulation shouid be considered. The 
degree of sweat absorption is an important matter. 

The body can only continue to perspire freely if there is 
free access of mr through the clothes ^vom. Now if the under- 
clothes arc made of wool and the air interstices become 
clogged with sweat, the body can no longer carry on sweat- 
ing naturally, and injury is likely to result. 

There arc other reasons why undergarments should be 
washed frequently. Rancid sweat in wool forms a good 
medium for the growth of bacteria which can be very in- 
jurious. Then again, it is surely nonsensical to have a bath 
and then put on dirty underclothes. 
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Laundrywork also concerns night apparel, handkerchiefs, 
table linen, sheets and blankets. These are washed for very 
similar reasons, though, of course, sweating is not likely to 
be a factor causing dirty table linen. 

3 . Cleaning 

There are other lands of cleaning besides laundrywork. 
Windows, furniture, taps, fireplaces, baths, wash-basins and 
W.C.s are to be kept clean. Clean windows arc desirable not 
only to improve the ^dcw, but also to let more sunlight and 
to keep down bacteria and larger pests. In fact much of the 
cleaning of these articles mentioned is specially necessary to 
prevent the growth of bacteria and multiplication of un- 
desirable plants and animals. There are other factors, for 
example, the fire is not likely to be easy to light if the fire- 
place is clogged with clinkers; also there is the aesthetic 
factor, particularly in regard to the bathroom. There is no 
room that looks better than a wdi-fitted and meticulously 
clean bathroom; on the other hand no room looks worse than 
a dirty and untidy bathroom. 

4 . General Home Management 
A well-designed home is based on sound scientific prin- 
ciples ivhcther the designer is aivare of it or not. Labour- 
saving devices carefully arranged make for efficiency and 
reduce fatigue. Careful planning in housekeeping has a good 
deal of scientific method behind it. Harmonious colour 
schemes follow optical laws even though the housewife is 
unaware of them. Planning work so that drudgery is elimin- 
ated is a scientific problem. 

Then there arc scientific principles involved in painting, 
staining, pointing and even in the lubrication of door hinges. 

The household tasks which specially involve scientific 
knowledge such as repairing a fuse, mending an electric 
iron, maintaining a vacuum cleaner in good order, fitting a 
washer to the tap, casing the main gas tap, cleaning the gas 
stove and fixing a new clectric-Iamp-fiiting are tasks which 
every housewife should be able to carry out. 
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5. Mothercraft 

In many of the enlightened schools, the girls arc given 
instruction in mothercr^i for they will be the mothers of the 
future. Tlie argument that 14-15 is too young for this is un- 
tenable since most girls are not likely to get preliminary 
training iater in life. The real experience often occurs quite 
soon after they leave school. 

• Whilst mothercraft is linked with sex, it is a very different 
subject. Although an infant is the infant of both his father 
and mother, the early years arc very much the concern of the 
mother, particularly in most homes which secondary modern 
boys and girls will eventually form. It is not right that girls 
should in later life enter into motherhood with no scientific 
knowledge of what it means. The decline of the population 
of tliis country is probably due in no small degree to wrong 
ideas of mothercraft, besides economic factors. 

Girls should know something about how the embryo child 
is onginated and developed in the womb. They should also 
know how it is bom. Mothercraft begins as soon as a woman 
knows she is bearing a child. She should, if she is to be fair 
both to herself and her future child, take adequate nourish- 
ment and take suitable exercise. Pregnancy should not be 
regarded as an unhappy state. 

After the child is bom, (he mother should understand the 
methods of catering for the developing child, his feeding, 
sleeping, elimination habits, exercise, posture and clothing. 
It is surprising how many people arc woefully ignorant of 
these matters. All these arc based on science. To take one 
example, that of feeding. Today some women consider it old 
fashioned to feed their own babies in the way nature intended. 
It is common sense that the normal mother produces a much 
more suitable food in her own breast than that obtained from 
a tin. Milk obtained from tins is prepared from cow’s milk 
which is the food for a calf, but not correct for a baby. It is true 
that some brands of baby food conast of dried cows’ milk plus 
such substances as lactose in an eflort to approximate to 
human milk, but they cannot be quite the same. Then again 
consider the trouble required when powdered milk is used; 
the mcasuringand thesteriliring take quite a time. 
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C. Other Applied Sciences 
The other applied sciences are truly vocational such as 
engineering, budding and mining. These have been con- 
sidered earlier in this book. 

It is alwa^'s important that the true relations between 
pure and applied sciences should always be maint^ned. 
Applied science is primarily carried out to serve man but it 
must follow the same laivs as pure science, it cannot do other- 
wise. 

SUJIStARY 

A. General Science and Rural Science. 

1. School Garden; Livestock and Laboratory. 

2. Horticulture. 

3. Forestry. 

4. Livestock. 

3. Garden Pond. 

6. Greenhouse. 

7. The Farm. 

6. General Science and Domestic Saence. 

1. Nutrition and Food Preparation. 

2. Laundry IVork. 

3. Cleaning. 

4. General Home Management. 

5. Mothcrcraft. 

C. Other Applied Sciences. 
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CHAPTER NINE 


CORRELATION BETWEEN SCIENCE AND 
OTHER SCHOOL SUBJECTS 

A. Science and Mathematics 

The fact that science at its best is quantitative, means that 
really to understand science requires a good knoivledge of 
mathematics. Even in the Secondary Modem School, it is a 
mistake to give a science course bereft of quantitative work. 
It is an essential part of sdeniific training to insist on accur- 
acy and this must by its very nature bring in mathematics. 

in some schools the science scheme includes the measuring 
of the volumes of spheres, cylinders, and cones and the weigh- 
ing of pieces of wood and lead and this ^^'ork is simply done 
for the purpose of measuring. This kind of thing is mathe- 
matics and should be done in the mathematics lessons. 
Scientific e.xperiment makes use of mathematics as one of its 
tools, but mathematics never becomes science. 

There are ample opportunities to utilise mathematics in 
the science coune. Let me mention a few. 

Children should learn something about graphs in the 
mathematics lessons. Graphs and co-ordinate geometry are 
very useful mathematical forms to the scientist. Co-ordinate 
geometry is very much more appealing and useful than 
arithmetic of stocks and shares. I have reproduced here some 
graphs in connection ivith some research I have been doing 
on Vitamin C in potatoes. In the first diagram (fig. aa) there 
arc various graphs showing the depredation of Viianun C 
during storage. Notice that although these are dranm as con- 
tinuous lines, they arc in fact based on the points shown. 
The co-ordinates of these particular points arc the resulu of 
careful experimental work. But the points presupposed on 
the lines joining tlicsc fixed poinu are really the result of 
interpolation. Noiv this is a diiTerent kind of graph from the 
one representing wh«e every point in a carefully 

drawn graph is reasonably accurate. 
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Also in this diagram you vdll see a shaded portion which 
really is a composite graph, a superficial graph if you like, 
gi\ing the general consensus of opinion. This is a useful 
dcsncc. 

In the second diagram (fig. 23) a method is shovs-n of 
representing three dimensions. Two dimensions arc re- 
presented by tlie axes (Vitamin C content on the T axis and 
length of time in dajs on the X xuus) and the third dimension 
(percentage humidit}’) by the particular graph. This 
arrangement tells us something about the storage conditions 
of potatoes not csfily found any other tvay. ^Ve see that an 
artificial storage condition with a humidity of 88 per cent is 
comparable with damp conditions, where in fact tlie mean 
humidity was found to be the same for the same fall in 
Vitamin C content under artificial conditions. 

Somedmes an adjustment of the scales along the axes will 
elucidate a problem not seen with certain scales. To the 
scientist the graph is a very' useful tool. 

hicasurement with all kinds of instruments, from the 
simple ruler to such complicated instruments as the pH 
meter, the Lodbond Tintometer and the spectrograph, is 
used in science. The measurement is used to cluddate 
problems and is not an end in itself. An important factor in 
the use of measuring instruments is their degree of accuracy. 
It should be part of the teaching of mathematics to indicate 
what b meant by probable error and ^vhat it b likely to 
amount to in a particular ease. In general, error of measure- 
ment arises from two weaknesses: (1) the relative inaccuracy 
of the instrument and (2) the \'ar>Tng ability of the observer. 
You can often dbcm'cr what the margin of error b in a 
particular instrument, but the subjective error of the 
observer cannot always be accurately estimated. As a 
corollary to ihb, we must refrain from reading into results 
condusions which are not jusufied on the c%’idencc. Thb b 
where the \’alidity of the results comes in. We must know 
how far our condusions are based on fact. 

Calculus is used in a number of scientific measurements. 
Thb subject b, in its dementary stages, easier than many 
kinds of arithmetic. It bpossible that “A” children in the last 
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0(c J*n M*r Apr. May 


Fig. aa. Seasonal variation in Vitamin C content of potatoes 
stored in clamp. 



Fig. 23. Fall in the Vitamin C content of potatoes under difler- 
cni storage conditions. Nos. in brackets pvc humidities in % 
for artihcial storage conditions. 
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year in a secondary modem school may be able to attempt 
it. A kno^vlcdge of this subject opens the way to a most 
fascinating study. Exercises in mechanics involwng velocities 
and accelerations arc much more easily carried out by means 
of the calculus. It is also useful in the analysis of graphs 
involring gradients and areas under the graphs. 

A good deal of geometry comes into a subject like ccolog)'. 
In particular do we use it in smvc>’ing the terrain. Contours 
arc entered on our maps after using a theodolite for finding 
hdghis of points along well-defined lines in a well-arranged 
gaametried pattern bruit op from an accurate base line. If 
the base line can be estimated in regard to a bench mark on 
the ordnance surs-ey map so much the better for the accur- 
acy of our work. In ecology we also get the mapping out of 
quadrats, the measurement of the soil depths, estimating 
the girths and hdghts of trees, obtaining the submarine con- 
tours of ponds, and measuring light intensities. AJi these are 
examples of applied mathematics. 

There is also a place for the application of statistical 
mathematics to our sdentific problems. Some of this might 
well be done in schools. All children should know what a 
mean ^'aluc is and it is desirable for the brighter children 
that they should know what is meant by the standard dela- 
tion of the mean. 

It should be poKiblc to show that the statistical method is 
particularly %-aluablc in biology when we are comparing 
firing things. A gross of drawing pins in a box are almost 
identical, but a gross of peas in a packet arc all different. 
^Vhen wc speak of a drawing pin in a box ^ve speak of each 
one, but ^vhen we speak of the peas wc must refer to the 
average pea because they arc all different. 

This variation of living things brings in not only sudi 
matters as the mean or the 3\-erage, but it also brings in the 
matter of sampling. Supposing you are estimating the 
number of oak leaves in a wood damaged by pest or disease. 
You roust not just count tea from one braedb and base your 
estimate on that; such would not be a fair sample: Leaves at 
the tops of tTMs may be attacked more than those near the 
ground; trees on the periphery of the wood may be attacked 
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more than those in the centre. Trees near ponds may be 
attacked more than those in t»mparatively dry parts. 

Finally in the mathematics lessons tl»crc is often a place 
for the solving of scientific problems. It is surely better if the 
problems solved in mathematics arc real problems rather 
tljan invented ones. Children always prefer real work. 
Reducing the volume of a gas produced in the laboratory to 
N.T.P. is a good exercise in the multiplication of fractions. 


B. Science and Handicrafts 

^VIuIst improvisation is not always desirable in a school, 
it has certain advantages. 

The amount of money available for the purchase of 
apparatus and chcmicab for a particular school has a limit, 
so that a requisition should be very carefully considered 
before it is submitted. There arc certain items svhzch can be 
made efficiently and quickly and certainly more cheaply 
than they can be bought from laboratory dealers. For ex« 
ample, Wieatstone bridges, potentiometers, vivaria, worm- 
cries, lens holders, observation hives, Bericsc Tullgren fun- 
nels to menUon only a few. The illustrations referred to, arc 
drawings of pieces of apparatus which have been made by 
men training as teachers. (See figs. 24, 25, 26}. 



Fig. 24. Obsavation Hive. 
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In order to help ivith this sort of thing and also with some 
glassblowing, it is desirable that a school should have as part 
of the science equipment, a wood-work bench, a metal-work 
bench and a glassblowing table, all fitted with the appro- 
priate tools. The science teacher should be skilled in the use 
of these. . 



P*S* *5- Model of Domestic Hot -Water System. 



End 

£ley«t.on frent eiey,ti«n 

Fig. s6. ‘Wormery. 
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Furiiicr help can also be obtained if there is good co* 
opcniiion between the science departrhent and the wood* 
and meul-work department of a school. It should be possible 
for bo)-5 to make certain pieces of apparatus during their 
tcsvins in wood -work and mctal*work. 'Hiere roust, Ijowcvcr, 
be a proviso that the making of such pieces of apparatus 
should be part of the wood* and inetaI*work scheme and that 
as such they should be wonb making as examples of skill in 
these cmfls- 

I should deprecate tlic making of scientific models to the 
csclmion of other science worL Tl»c making of a scientific 
mode] by a child must halt; an educational value either in 
the form of the leaching of a skill or to learn something of 
science. For one bny to make a series of models based on the 
electric motor can easily be a waste of rime unless there is a 
new scientific principle in each model. This Is an important 
poiiii. 

Science should be able to help the teaching in wood* and 
metal-work. A knowledge of the microscopic structure of 
ivood can be gained in science lessons. Children can by this 
means sec, for example, why lime is easy to cut whereas oak 
is difllcult. The chemistry of metals would be helpful in 
umlenianding the properties of metals which would assist 
in the undentanding of these metals in mctabivork. 

C. Science and Art 

It is wrong to consider Science and Art as being poles 
apart. One can help the other. 

In biology, it is a good thing if bo)i and girls can make 
drawings of plants and animats which resemble die actual 
things. Some training in the drawing of plants and animals 
in art lessons would help this. By learning to draw plants and 
animals children can learn not only the form but the habits 
of these Hinng things. In the draiving of birds, horses, and 
dogs it might be possible to indicate something of the indi- 
\ndual characteristics. Tliis kind of effect is very evident 
in certain books.* For drawinp of plants there arc some 
excellent books.* 
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Good drawngs arc often better than photographs when 
wc arc concerned with Imng things. It is certainly true that 
the person who draws an oak tree is more likely to remember 
its form than one who photographs it. A drawing which is 
good is a portrait and as such it shows much more than what 
is taken by a camera in a fraction of time. 



Tig- 27. Partial rosette plant. 
C3 — soil surlace. 


Composite dratvjngs 
sho%ving associations of 
plants and animals arc 
useful. When children 
do these they usually 
remember something 
oftheassociation. They 
might draw the plants 
and animals which are 
found in a particular 
pond. Or they might 
make drawings of 
plantsfouod inthegar- 
den representing dif> 
ferent families. 

The use of colour re- 
quires careful consid- 
eration. Colour should 
not be applied simply 
to make a bad drawing 
look a little more like 
the actual object. If a 
drawing is done well 
colour might be better 


left out. The drawing 


may well suggest form, which is more significant than colour. 


As far as wc know colour is peculiar to human beings and in 
addition is always subjective. So unless the colouring can be 
done really well, be content with black, grey, and white (sec 
Sg$. 27, 28, 29). 


Drawings in physics and chemistry are best left formal. 
Sectional drawing^ are usually the most efficient They 
should be dear, ant laigc enough so that each part can be 
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easily seen. The more difficult drawings can be useful excr- 
dscs in tecJmical draiving. For example the qiinder of a 
motor car engine may be considered in science. A sectional 
dramng of this is a useful exercise in technical drawing. 

Lettering is often tveak in the labelling of scientific draw- 
ings. This is unfortunate because poor lettering can spoil the 



Fig. 28. FiCTrort roots, showing two pJanti which have become 
covered with a layer of soil, Kj— New tubers with n«v svintcr 

- buds. K— Old tubers. Adapted from Raunkiacr, The Life Forms 

of Plants, by kind permission of the Oxford University Fress. 

look of the drawing. The letter should be a simple type with- 
out serift or other cmbellbhmenis. Although it is simple, it 
requires practice. If the drawing is left in pencil it is often’ 
convenient to do the lettering in pencil. 

For more permanent drawings however, it is better to line 
them wth Indian ink and carry out the lettering with a 
broad pen using the script form. Such drawings arc as perm- 
anent as ever drawings should be. A style of this kind is 
adaptable for making charts. 

- Science should also be able to help the Art lesson. A certain 
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Fig. ag. 'WaUflo%»-cr. Adapted from Blodwen XJoyd, Hand- 
book of Botanical Diagrams, by kind permission of the University of 
London Press Ltd. 
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amount of chemistry can be based on pigments. It is possible 
by simple experiments to mafec these in the laboratory.* This 
convinces cMdren that pigments arc made from natural 
materials. 

Children might also experiment with some dyes and dye 
cloth made from different material to compare Ac effects of 
say real silk and wool. 

It is also good for boys and girls to know how pencils, 
brushes and paper are made and what chemical properties 
they possess that make them so useful to the artist. A lesson 
might be pven on the hardness of pencils and how this varia- 
tion between HH and BB is brought about. 

D. Science and Oeooraphv 

These arc two subjects which are closely linked together. 
Meteorology is a subject which can be taught as a science 
or as geography. Ihe actual recording of atmospheric pres- 
sure, temperatures, irind directions and pressura and rain- 
fall and the study of the recording instruments is science. But 
the inteiprctation of the results in terms of climate and its 
effects on land and man is geography. One subject can very 
well help the other. 

Children can see something of Ac methods of meteorology 
and iiow they arc applied to local conditions. Then ivhcn 
climatic effects in other parts of the world are studied they 
should have an idea as to how they arc measured. 

nie two subjects arc agmn interwoven in the matter of 
rocks and soils. Tlie way in which the breaking down of 
different types of rocks produce different soil t)'pes Is really 
a science. It is a combination ofGeology and Petrology. The 
erosion of rocks can be considered in chemistry lessons; the 
action of water on limestone is a firm favourite. *nicn there 
arc such physical effects as the percolation of the fissures of 
rocks by water and its subsequent freezing which results in 
the breaking up of the rock. 

The distribution of plants and animals throughout the 
world Is boA the concern of Ac geographer and Ac scientist. 
The geographer is really only asneern^ with their distribu- 
tion and location according to broad vegetative regions. On 
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the Other hand, the scientist is concerned with the more 
detailed relationships not only between predator and prey 
but also wth the competition taking place all the time 
particularly between similar types, commonly called inter- 
specific compcdu’on. 

I have tried to show here how the two subjects of science 
and geography can assist each other. 

' In this chapter an attempt has been made to show how 
sdcnce can be related to other subjects in the school curricu- 
lum. These other subjects mentioned can strengthen the 
poAver of the science teaching and sdcnce for its part can 
contribute towards these other subjects. This kind of relation- 
ship is often referred to as correlation, but it should be 
remembered that much passes for correlation which is not 
true correlation. 

It is ofien argued that spedalist teaching results in lessons 
bdng in ^vater-tight compartments. Some teachers go so far 
as to say that the class teaching method — when one teacher 
takes a class for all subject5>-is the best because he teaches 
the children rather than separate subjects, he sees their com- 
plete needs. THs latter argument %sould be all right if a 
teacher was an expert teacher in all subjects, which he very 
rarely is. 'SVith an infant teacher, she knows enough of the 
subject matter to teach all subjects, so that in this case it is 
best for the young children to have one teacher all the time. 
They want a feeling of security which can only be de\’eloped 
b>' the dass teacher method. 

For the secondary school child it is good for him to come 
into contact with the dificrent personalities of a number of 
teachers. This should be an essential part of his education. 
The difficulty of co-operation between the different spedalist 
teachers can be overcome by the teachers themselves. The 
school staff can form itself into a number of panels; they arc 
really small boards of studies. A teacher may be a member of 
a number of panels. The sdcnce panel should have for chair- 
man the sdcnce tyredalist or senior sdcnce specialist if there 
is more than one. Other teachers who might well be members 
of this pand are those teaching mathematics, rural sdcnce. 
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domestic science, wood-work, metal-work and possibly art. 
This panel should meet not less frequently than once a 
month and can consider common problems. Its main purpose 
is to break down the barriers between different subjects. 
Always remember that it is the same John Smith who takes 
Science from ii.o to la.o on Monday, Rural-Science from 
r.30 to 4.0 on Thursday and Art on Wednesday from 3.0 
to 4.0. 


SaUHARV 

A. Science and Mathematics. 

B. Science and HandicraBs. 

G. Science and Art. 

D, Science and Geography, 
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CHAPTER, TEN 


THE SCIENTIFIC SOCIETY AND 
SCIENCE VISITS 

Membership of the Scientific Society should be available 
to any children in the school irrespective of whether they 
arc still doing science. In many schools ail the children do 
science throughout thdr school careers, but in the schools 
visualised in this book, it is possible that \vith a choice of 
study courses some children may not do science in lessons 
after the age of 13. 

School sociedes arc sometimes not organised, because the 
children have to go home by school buses. In such cases it, 
may be possible for children to attend school soctefies in the 
dinner interval. There is also the possibility that one or more 
periods per tveek in the school dme>table can be given over 
to school societies. During this period children will choose 
which sodety they are going to attend. ^Vhilst too much 
fluctuation bet^veen sodety and sodety is cot desirable it is 
not necessary for children to keep to the same sodety each 
week. This system 'of dev'oting one period per week in school 
time can work very well. There should, in addition, be meet- 
ings outside the time-table in order to encourage voluntary 
partidpatlon. 

A. Oroanisation of the Scie.vtipzc Society 

The Sdentific Sodety should be organised so that it runs 
cfEdcntly. It is desirable for the Head Teacher to be the 
President of the Sodety and be should take as active a part 
in the Sodety as dme will permit. 

Then there should be advisers from among the staff. The 
teachers of sdcncc should be the advisers. The extent to 
which they help to run the oiganisation will depend on the 
capadty of the children to nm it. 

The Chairman of the Sdentific Sodety should be a senior 
child with ability in leadership and with initiative. He will 
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hoJd a key position in the Sodety and as a result much of the 
success of tl»e Society will depend upon him or her. 

The Secretary should be a child keen on science and ener- 
getic. This position is second only to that of the Chainnan. 
He should be capable of taking minutes, carrying out the 
instructions of the committee and generally helping the 
Society to run smoothly. 

Since it costs money to run a Scientific Society, it is useful 
to have a treasurer. He should be a good arithmetician and 
should generally be guided by one of the Staff advisers. The 
money he will handle unll be the children’s subscriptions to 
the sodety. \Vhilst capita! expenditure on the society should 
be borne by the school, there are certain items best met from 
children’s subscriptions. Children usually value something 
better ^vhen they have to pay a HtUe. 

The rest of the committee can usefully be made up by a 
representative from each fonn. These can be elected dthcr 
annually or terminally, though it svill probably be better to 
elect them annually. 

It might also be useful to have a publicity agent. He or she 
should make the aedwties of the society knowm to all the 
children in tlic school. A child with artistic talents would be 
able to design suitable posters for this purpose. 

B. Functions op the Committee 

'Ihe committee will have a number of functions. In the 
first place it should arrange meetings at regular intervals. 
All details of these meetings should be worked out so that 
they run smoothly. As a rule the secretary trill make the 
arrangements, acting on the decisions of the committee. 

There ^s•i^l be certain visits out of school hours to be 
arranged. This will include getting permission, arranging 
buses wlicre necessary, obtdning advance information about 
the places to be seen, ensuring an adequate supply of food 
and remembering to thank the people concerned. 

The sodety should also have a small library of sdcntific 
books, but not school books. It is part of the purpose of the 
committee to choose the books to form the library. 
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The fourth function is the arranging of a club room. If 
possible, this should be more like a club room than a class- 
room, though this tvill largely depend on the school facilities. 

C. Meetings 

Meetings can take a number of forms; I will suggest five 
kinds of meetings: 

Children can give talks to the society. This can either be 
done by short papers when three or four children sviil talk for 
five minutes each at one meeting or in the case of a bright 
child, he might take up the whole meeting. Where possible 
these talks should be illustrated with demonstrations. The 
demonstrations may take several forms. In some cases the 
talk can be illustrated by a practical demonstration Bvith 
apparatus. Then there is illustration by lantern slides, the 
micro-projector, the episcope or by means of pictures of 
various kinds. There may also be illustration with models. 
The type of iUusiralion will depend on the subject. An im- 
portant feature of these meetings will be the discussions after 
the actual talk. 

The next kind of meeting is that where the teacher docs 
the talldng and carries out the demonstration. Since the 
children hear their teacher so much in the coxuse of lessons, 
I would suggest that this type of meeting should be reduced 
to a minimum. Teachers who talk at these meetings should 
avoid dealing with subjects nonnally considered in lesson 
time. They should choose something more recreational such 
as “Chemical Magic”; “Television”; “How musical instru- 
ments make ihdr sounds”; “Do animals think”; “Is it true 
that bo^-s are more interested in animals than in plants?” 

Then there arc meetings where outsiders talk. A visit to 
the gas works may be follmvcd up by a talk in school by the 
local works manager or a visit to a chemical works may be 
followed up by a talk by a chemist from the svorks, or a visit 
to a large nursery may be supplemented by an address by a 
gardener who works at the nursery. In some cases it is t^t 
for tb^^lks to precede the visit and in other cases to follow 
the visit. I^c again illustrations to the talk arc most helpful. 
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ScienUfic societies should have periodical exhibitions. 
Tliesc should be held once or twice a year. There can well be 
an exhibition of scientific toys to include such items as 
electric motors, Meccano models, electric trains, steam 
engines, a “shocking" coU, clay models, and aquaria. Or an 
exhibition of pets can be arranged. This may include butter- 
flies, beetles, mice, rabbits, guinea-pigs, snakes, pigeons, 
canaries and goats. Another type of exliibiUon is that which 
is the culmination of a number of competitions such as 
pressed wild flowers, model filter plant, collection of beetles, 
collection of galls,* plaster casts offootprints* and data about 
migrant insects.* There could also be an exhibition of nature 
photographs including those taken by the children and 
photographs cut out of journals and newspapen. 

The last type of meeting I wish to mention is that at which 
films arc shown. Whereas films will be shown in connection 
with lessons, it is also good to show films at some of the 
society meetings. It is here where films that do not illustrate 
specific lessons can be shown. When a number of films are 
shown on a particular evening, time should be found for 
film discussion. It is part of education to train the critical 
sense of children and this prorides a good opportunity. 

D, Visits 

Visits can be of several kinds. Let us first consider nature 
rambles. These can be undertaken from an Ecological stand- 
point. Such types as ponds, streams, oak woods, beech woods, 
heaths, sand dunes, the sea-shore, marshes, and hedge- 
rows may be visited. Local experts may be brought in to 
belpj these will include botanists, entomologists, aquarists 
and ornithologists. Since more time can be taken over nature 
rambles out of school hours than can be given to them in 
school time, there is considerably more value to be gained 
From the forjiKr thsn can Regained from the latter. Not only 
is that so, but the rambles can be made more informal and 
also more of a social occasion. A picnic meal may be taken 
which always adds to the pleasant nature of a ramble. 
Nature rambles should not be undertaken without 



146 SCIENCE TEACHING LN SECONDARY MODERN SCHOOLS 

appropriate equipment such as collecting boxes, beating 
trays, vascula, pond nets and pond sieves, butterfly nets, 
killing bottles, relaxing tins and drag nets. 

It may also be possible to arrange Nisits to Bird Sanctu- 
aries and Fish Hatcheries. In many bird sanctuaries it is 
possible to see birds not seen as natives. Although it is im- 
portant to consider local environment, it is nc\’crlheless 
desirable to relate it to world matters. This applies to Biology 
as well as to Geography and History. Fish hatcheries provide 
opportunifles for stud>'ing the brewing of fishes on a large 
scale. It is here where two-headed and two-tailed young trout 
may be seen. 

'Ibcrc may also be visits to factories, foundries and public 
utility services. These svifl supplement visits made in school 
time..It is convenient for the Scientific Society to visit places 
which would not normally be sdsited in connection with the 
general science course. Since these will difler very much 
from school to school it is difficult to specify particular 
places. 

Visits to laboratories, a B3.C. Transmitting Station and a 
cinema projector are examples of another type of visit. In 
choosing a laboratory visit, care should be taken that what 
the children arc to see and hear is not too difficult for them. 
Laboratory work has become so specialised in many eases 
that great care needs to be taken. Children will be interested 
to sec the commercial cinema projector and compare it with 
the school projector- The B.B.C. transmitter is fascinating 
particidarly for boys, the great masts, the banks of generators 
and the massive N'alvcs arouse keen interest. 

Some night visits may possibly be arranged. IfitisJcnown 
where there are badgers, it ^vill be of value to take small 
groups of children to watch for “brock**. They are attractive 
mammals* which arc much maligned. It is a pity that 
animals ait kiUed off whiioui due regard to their natural 
interest just because they arc thought to do damage to crops 
and livestock when real proof is not forthcoming. In connect- 
ion wit^ badgers it may be posable for the children to photo- 
graph Ae animals. 

Night irweet watching b useful. Here we can attract moths 
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by means of treacle on tree stumps or by the aid of a hurri- 
cane lamp and a white sheet behind it. The insects to be 
found at night difler signiiicantly from those found during 
daylight hours. 

The Sdcntific Society should also visit farins of the best 
types. They may so far as is possible see stoch raising, dairy 
fanning and crop growing. Milk and egg production are also 
worth considering. It is, of course, desirable to visit a farm at 
different seasons to see the various processes in acdonj this is 
particularly applicable to arable farming. The processes of 
ploughing, hoeing, dragging, manuring, liming and harvest- 
ing should be seen in turn. If possible a farm growing crops 
like wheat, barley, oats, and peas and root crops should be 
compared with one growing fruit like apples, gooseberries 
etc. The cycle of events in a dairy farm or stock raising farm 
arc perhaps not quite so distinctive, but are there neverthe- 
less. There are such annual phases as lambing, sheep- 
shearing, sheep-dipping, calving, lncub.ition of eggs and so 
on. In fact there is a wealth of material to be found on good 
farms. 

The last type of \isit I wish to consider is concerned with 
competitions. A scientific society may wish to carry out 
friendly cattle judging. A good farmer wU give hints on 
judging cattle and then the children can try their hand at 
arranging say four cows in order of merit. They should be 
able to place them according to definite merit points and 
each child should give reasons for this choice of arrangement. 
This kind of competition is very well organised by Young 
Farmer’ Clubs and science teachers who arc keen on visits 
of this kind would do well to get into touch with the local 
Young Farmers’ Club, There are other competitions such as 
rabbit judging, arranpng wild flowers in a vase, judging 
tomatoes, arranging eggs in order of merit and so forth. 


E. Lihrarv Aff0 MasEVti 
Members of the Scientific Society should have access, 
because they are members of the school, to the school library. 
Here they can consult text-books and reference books. It is 
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an important part of school training for the children to be 
able to find information when they want it. The scientific 
society wll touch topics not taken in lessons and this is good, 
because it encourages children to look for information of all 
kinds. 

Scientific classification can be learned in no better way 
than in the process of identifying insects brought in from a 
nature ramble. Wth practice and thought children learn 
how to group insects first into orders, then into families, 
later into genera and finally into species. They learn to 
difTercniiate insects by minute differences. It is a splendid 
training in observation. 

In doing this work, children learn to use reference books 
of various kinds on insects.* niere are quite a number of 
these and they should be in a good school library. If children 
leara to study reference books, first by following the text and 
then checking the identification by references to a drawing, 
or photograph, they have learned a valuable process in 
scientific meth^. 

There should be reference books of various kinds. Astro- 
nomy is often a popular subject; books dealing with stellar 
measurements and giving star maps are of interest. Books on 
aerodynamics and various kinds of engineering such as 
mechanical, motor and electrical will certainly appeal to 
boys. Then there arc reference books on metals, chemical 
suktanccs, physical constants and the like. There arc dic- 
tionaries of plants and animal ?. In addition it should be usc- 
• ful to have books on geology. In the chapter on The Science 
library these matters are dealt with more fully. 

There should also be a good stock of more readable books 
on sacnce. These may include Fabre’s works on Insects, 
Crompton’s TTu Hunting Wasp^ Maeterlinck’s The Bee, 
Lankestcris Jure Side Snenee and *im»1ar books. For the 
brighter children the New Naturalist Scries* of books arc 
helpful. There are quite a number of natural history books 
on the market of varying quality; a careful selection of these 
should be made. 

Then there should be books dealing with the wonders of 
mechanics and other forms of engineering. Books on Astro- 
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nomy in the more popular vein have their appeal. Also 
books on various aspects of farming should be in the library. 

Another feature of the Society's Library and Museum 
should be a collection of pictures, charts and diagrams col- 
lected by the members. In the course of a number of years, a 



Fig. 30 Graphs shoAving the relation between the Air and Water 
Temperatures at the Noverton Lane stream stations. 


society should amass quite an interesting collection of such 
illustrative material. Pictures can be obtained from all kinds 
of sources such as journals, newspapers, advertisements and 
books. There should also be room for efforts by the children 
themselves. Charts using graphical methods of all kinds can 
be a useful feature. Records which are made on natural 
history visits can be graphically illmtrated in many striking 
ways. I have given an example by way of illustration 

30)- 

Diagrams, by which we usually mean symbolic drawings 
of various kinds, can also be useful. Members of the society 
can be encouraged to make these; in fact periodic competi- 
tion would give zest to this kind of work. Diagrams in which 
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three dimensions are indicated formally arc most cfTcclivc 
(sec Plate II, facing page 200). 

Tiicrc should also be a place in the Society Library for the 
collected notes and specimens obtained by members. It 
ought to be possible to get together a representative collect- 
ion of insects, pressed plants and rocis of the district. Then 
there may be a collection of mosses, lichens, leafprints, and 
bark rubbings.^ In this sccUon we might also have bones, 
particularly skulls. A selection of bird pellets carefully dis- 
sected is most enlightening. Nor must wc forget samples of 
the various products of industry in the district. If the school 
is situated in a textile town, why not have a collection of the 
raw fibres, say cotton, and examples of threads and woven 
clotli? Pictures, diagrams and models of the machinery used 
in the manufacture of the cloth would add to the complete- 
ness of the section. 

Finally it ought to be possible to have a certain number of 
scientific periodicals and journals. There should be care in 
the selection of these because many are far too di/ficult for 
the children to undentand. These should so far as is possible 
cover the varied interest of the children. Periodicals wth 
plenty of illustrations appeal to the children more than those 
without. Applied sciences, including farming, should not be 
forgotten in this connection^ 

F. Science Club Room 

Although most schools will not have enough accommoda- 
tion for a science club room, it is worth considering. It may 
be that the Scientific Sodety will have to share a room with a 
number of other School Societies and arrange to use the room 
in consultation with the other societies. ^Vhat I am now 
about to describe may sound rather idealistic at present. 

The Science Club room should be a room where there can 
be informal chats about science apart from the normal society 
meetings. It should have a suitable collection of pictures 
round the walls. These should be changed from time to time 
so that they do not become just part of the wall topography. 

It would also be desirable to have the Scientific Society 
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continued into a Senior SdentiRc Society fonucd of old 
students. This Society might wdl meet in the same room. 

If possible the room should be much more informal than 
a classroom. It might be as well to hai’e chairs udthout desks 
or individual tables. 


G. The Place op the Youno Farmers* Club 

It ■will probably not be possible to have both a Scientific 
Society and a Young Farmers’ Club as separate entities in 
the same school. I think a combined club is better. In what 
has been written in this chapter, the Young Fanners* Club 
side has not been forgotten. /U( children will not be interested 
in this side of the society, but that does not really matter. 
The best farming is applied science so that really the Young 
Farmers’ Club can be considered a branch of the Scientific 
Society. 

The Young Fanners’ Club will be specially concerned with 
the school livestock; visits to farms; the judging of livestock; 
public speaking competitions and local and county rallies. 

H. WtRELESS Traksmittino Club 

A wrcless course included in the school curriculum may 
well lead to the formation of a wireless club. At first it may 
just be a club which makes receiving sets. The receiving sets 
can be built according to the principles laid down in the 
Science Courac. Then the club may become more ambitious 
and launch out on becoming a iransnutting club. This will 
no doubt make a considerable demand upon the school 
funds, though there appears to be no reason why the Local 
Education Authority should not help to finance the project. 

'Ihc members of the club will get a great thrill out of 
assembling the components and setting up the ^uipment. 
When the set is completed, then the members will need to 
learn the morse code and pass a test in order to qualify to 
transmit. 

Once the station is established the members of the club 
■will get considerable interest out ofeonversations with people 
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in many distant parts of the world. This will help them to 
understand other people better. It should encourage them to 
Icam foreign languages. 

I have given suggestions on the organisation of a School 
Scientific Society, It is doubtful whether ail my suggestions 
can be carried out in one school, but any school desirous of 
trying out the ideas, can make a selection from these sug- 
gestions. 


Summary 
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CHAPTER ELEVEN 


THE SCIENCE LIBRARY 

This subject has already been ojosidcred to some extent 
in chapter lo. In this chapter the subject wilJ be expanded. 
The sdcncc library can usefully be divided between two 
places: 

1. The General School library. 

2. The Science Department Library. 

I will deal vdth these separately. 

A. The General School Library 

There should be in this library a number of sdcncc refer- 
ence books as well as general reference books containing 
sdentific topics. In the former category may be induded an 
cncyclopae^a of gardening, whereas in the latter ^vould be 
induded a general encyclopaedia, or Whitaker’s Almanac. 
Some reference books, such as books giving physical^ and 
chemical constants, would be more tisdul in the Sdence 
Department than in the General Library. In this case the 
best policy is to get two copies, one for the General Library 
and one for the Class Library of Science. Reference booB 
need to be of good quality even more than other books, 
because they arc sources ofinformation and this must be reli- 
able. These books are consulted for practical knowledge 
which is usually assumed to be correct. Before buying a 
sdence reference book it is desirable to check it for one or two 
difficult subjects like isotope, genes, unsaturated fatty add, 
nebula, and Piltdown man against a standard work on these 
subjects or the En^etopaedia Britanmca which can usually be 
rdied upon.lt mightbe usdiil to tcR children how to do dus. 
The general library scientific reference books, where only one 
copy is available, should be of a type not normally required 
in laboratory or fidd work. Boulcngcr’s Apes and Monk^s, 
for example, is of this type for the obvious reason that such 
a nimal s are not likdy to be met with in a fidd excursion. It 
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may be allowed to be used in the Scientific Librai^' when a 
group of children is proposing tQ visit a Zoo as part of the 
scliool work. 

The General Library should also contain a selection of 
good text-books. I use the ivord ‘good’ adwsedly because 
there are so many text-books of rather a hum-drum type. 
We want children to read text-books because they find them 
interesting. In tiiis connection I would recommend the 
inclusion of text-books from other countries, particularly 
France, Germany and U.S.A. The advantage of including 
text-books from other countries lies in the fact that you can 
compare them from various points of view such as method, 
subject matter, illustration and general lay out. 

The library should also contain books of a more readable 
nature in that the narrative is mostly continuous and the 
facts of sdcncc arc clothed with story or other imaginative 
forms. We do not usually read text-books for pleasure, so we 
should not expect the children to do this. There are b^ks of 
a readable nature in which the facts are correct, but the text 
is such that they can be read for recreation. A number of 
thae should be included. 

The General library should have a Card-index reference 
system based on Modern Library Technique so that books 
may easily be located cither by subject or author. Learning 
how to use such a system is good training in classification 
which after all is really part of scientific method. To know 
how to find books and, what is more, to know how to find 
information is most valuable training. 


B. The Science Department Library 

This should contain useful refer«ice books. One group 
should be for the purpose of identifying natural history 
specimens. Tliere is a large range of these books of which 
details arc given at the end of die chapter. When getting 
books of tills kind for the school library care should be taken 
that they are authoritative, Scrnie reference books arc useless 
for one or two reasons. Either the method of identification 
is not scientific or the book contain coloured plates which 
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arc not coloured true to the specimens they intend to 
represent. Black, grey and white drawings, provided they 
are well drawn, arc better than badly coloured ones. In the 
case of certjun iridescent butterflies and other insects it is 
impossible to produce coloured plates which arc sufficiently 
accurate. 

Then it is necessary to have books of experiments. Some 
will give variations of experiments to test laws like Ohm’s 
law, Graham’s Law, Law of Multiple proportions or the 
Gas Laws. OUicrs will provide experiments to illustrate in a 
laboratory fashion such installations as the internal combust- 
ion engine, the steam engine, the household water system, 
the household electric system, the dynamo and the pclton 
wheel. Then again, there will be experiments to illustrate 
certain scientific processes like osmosis, photography, 
hystcrcris, electrical dissociation and thermal dissociation. 
There should also be books of preparations, so that it 'is 
possible to find out how to make various chemicals such as 
cuprammonium sulphate, cupric acetate, iodoform and 
stannous chloride. 

In the science class library we should also have books of 
data so that we can find physical and chemical constants 
. quickly. Wc may wish to know the boiling point of ethyl 
alcohol at Normal Pressure. Or wc may desire to know the 
melting point of Camphor. It may be necessary to find the 
value of the vapour pressure of water at a certain tempera- 
ture.^ In these days of atomic physics we may wish to have 
some information about isotopes. 

The science class library should also contain a number of 
standard text-books of various kinds. Only the best should 
be chosen. These should be books to which the children will 
turn for the type of information they will require in the 
ordinary course of events. Such books should be readily 
accessible so that children can turn to them when engaged 
in practical work in the laboratory or during such free time 
as the dinner interval. In the matter of text -books it is impor- 
tant that they are kept up to date by periodically scrapping 
those which arc outdated and replacing them by nc^v ones. 

Finally it may be possible in the course of time for teachers 
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to produce typewritten notes on experimental work of 
various kinds. Tliese can be kq>t in suitable folders and will 
be accessible for guidance in doing practical work, A good 
science teacher can gradually build up an excellent set of 
practical notes of this type on various science subjects. 

The remainder of the chapter will be taken up tvith a 
bibliography of science books suitable for the purposes I 
have mentioned. It is not meant to be cxliatistive, but wll 
give teachers some indication of the kinds of books suitable 
for science in the Secondary Modem School. 


BOOKS FOR A SECONDARY MODERN SCHOOL 
SCIENCE LIBRARY* 

References: O Suitable for Ceneral Ljbrary. 

S » Suitable for Science Class Library. 

R SB Reference. 

T » Tcxt‘book. 

r » Suitable for reading as a continuous narrative. 
8 B simple, 
zn SB medium standard, 
a advanced. 

Abbreviations: S.MA. — Science Masters’ Association 

I.AA.M. — Incorporated Assodalion of Assistant 
Masters 

I. History or Sciekce 
Cfouthcr, J. G. BnlukS(untUUo/tki2^iiulentk Penguin 
Century, a vqU. Is. 6d. each G R m 
CrosNthcr, J, G. Famous Ametiecn Mm of Science Penguin 


a vots. IS. $d. each G R m 

Dampicr, W. C. A Shorter Htsloty of Science Cambridge 
7s. 6d. G rtn 

Farrington, B. Creek Scienee Penguin 

2 vols. IS. 6d. each G r m 

Gregory, R. British Saerttisis. (“Britain in Collins 

Pictures’* S^es). 5s. G r s 


N.B. See rote foJIovong Preface (p. iv). 
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Hart, I. B, Makers of Science Oxford 

7s. 6d, G r m 

Libby, W. IniToduetim to the Hbtory of Harrap 

Science. 5s- G 

Pledge, H. T. Science since /500 H.M.S.O. 

105 . Grm 

Reason, H. A- TXr Road to Modem Science Bell 

8s. 6d. Grm 

Singer, C. A Short History of Science k> the Oxford 

J/iruletnih Century. 12s. 6d. Grm 
Historical Apparatus. (S.M.A. Murray 
Modem Science Memoir Grm 
No. 8). 6d. 


2. Science in General 


(<2) Social Relations 


Ashby, E. 

ScUntist in Rxtssia 

Penguin 


Is. 6d. 

Grm 

Baher, J. R. and Biotasj in Eaend<n Life 

Allen & 

Haldane, J. B. S. 

3s. 66 . 

Unwin 



Grm 

Qarh, F. Le Gros 

Feeding the Human Fcmify 

Sigma Books 


7s. 6d. 

Grm 

Curtis, F. D., 

Everyday Biology 

Ginn 

Caldwell, O. W. 

15s. 6d. 

Grm 

& Shemiaa, N. M. 


Dingle, H. 

Science and Human Experience 

Williams & 


75 - 

& Norgate 



Grm 

Findlay, A. 

Science end the Corrmunity 

^Vhitcombc & 


IS. 

Tombs 



Grm 

Hatfield, H. S. 

The Inrentor and Ids IVorld 

Penguin 


IS. 6 d. 

G rra 

Hogben, L. 

SHenee for the GAvn 

Allen & 


16s, 

Unwin 



Grm 

McDowall, S. G. 

Biology end MenHnd 

Cambridge 


6s. 

G ra 

Orr.J. (Ed.) 

What Saenu stands for 

Allen tc 


5 *- 

Unwin 


Grm 



»59 


the science riDRARY 

R«d.J. Th,AUt^UtinUfi,Uu<ctm N^n 

andArU ios.6d. it*. 

RidlMd!on,E.G. FhysUalSd!rttimArtimdIiti^lr)^r,%. Uiu^ 
15!. 


Richardson, E. G. F)yacidScw<ai«M«I^l‘f‘ 
tos. 6d. 


Taylor, F. S. 


Scimce Past and Pnsent 
tos. 6d. 


(t) Popular General Science 


Andrade, 

E, N. Da C. 
Andrade, 

E. N. Da G. 

Andrade, E. N. 

' Da G. and 
Huxley. J. 
Andrade, E. N. 
Da C. and 
Huxley, J. 
Arrhenius, S. A. 

Bagley, A. 
Bagley, W. A. 
Barnard, J. 
Boothroyd, F. 
Bragg, W. H. 


Press 

Gra 
Eng. Univ. 

Press 

Gra 

Hcincmann 

Grm 


Ettgints 
9s. 

TTu A/«Aantfln of dfahirt 
7s. 6d. 

Pibraliotis ond IFatM 
t2s. 6d. 

SAenee 
(ss. 6d. 

Mert Simptt Same 
85. 6d. 

Ckemistiy in AMem U/e 
165. 6d. , , n 

The Boji Book of AUlaiaafi 
35, 6d. 

77j{„^x fo mke end do 

3s. 6d. 

The Handjf Bofs Book 

5»* 

Pins 1 & a 3»- M. »“'• 

OUTr^a'’c^Jf‘^ jrmicWj' 
(Royal Insiitulion Lecturo) 
45. 6d. 


Bell 

Grn» 

Bell 

Grm 

BeU 

Grin 

Blackwell 

Grs 

Blackwell 


On 

Macmillan 
Grm 
Vawer & 

Wiles 

S Rm 
Va^^•se^ & 

^Vilcs 

SRm 

Ward, Lock 
& Co. 

Srm 

Schofield 

& Sims 

SR» 

Bell 
G rm 
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Brovming, G. M. Bolary for Fun Lindsay 

6s. Drummond 

G rm 


Chase, C. T. 

Cialijal s TheFarerJ^ Nelson 

Book of Ansicers. 3s. 6d. G r m 

Crowther, J, G. 

An Oullitis of the Umterse 

IS. 6d. 

Penguin 

Grm 

Cuhis, W. 

Tour Sodj and how ituvrks 
as. 

Allen & 

Uns^•in 

Grm 

CuHis, ^V. and 

The Body and its Health 

Allen & 

Bond, M. 

5»- 

Unwin 

Grm 

Elliott, F. F. 

Eleetrieal and Meeharacal Model 
Making as. 6d- 

Univ. London 
Press 

Srm 

Firth, J. B. 

Chemistiy in the Home 
as. 

Constable 

Grm 

Freeman, hL & J. Fan teiih Ckmdstn 

6d» 

Paet Pres* 
Grm 

Gaxnow, G. 

Mr. Tompkins in Wonderland 

10s. 6d. 

Cambridge 

Grm 

Gamow, G. 

Mr. Templdns explores the Atom 

I os. 6d. 

Cambridge 

Grm 

Gibson, C. IL 

RomaxeofSaeniiJieDiscoTety 

63. 

Seeley 

Service 

Grm 

Gibson, C. R, 

Rommee of Coal 

6s. 

Seeley 

Service 

Grm 

Gibson, CL R- 

Seiendfe Ideas of Ta&t 

6s. 

Seeley 

Service 

Grm 

Haldane, J. B. S. 

Sdenee Adsorjces 

10s. 6d. 

Allen & 

Unwin 

Gra 

Harrison, J. 

Engines Today 

7s. 6d. 

Oxford 

Grsn 

Hartridge, H. 

Coltners end how vee see them 
(Royal Institution Christ- 
mas Lectures, 1946-7) 

15s- 

BeU 

Grm 



Hajlett, A. W. 

Hawks, E- 

Hill, A. V. 

Howard, E. D. 

(Ed.) 

Kendall, J. 

Kermack, \V. O. 

Low, A. M. 

Low, A. M. 

Low, A. M. 

Low, A. M. 

NorrU, R. C. 

(Ed.) 

Oakley, W. 

Partington, J.'R 

PUmmcr, R- H. 

& V. G. 
Ranshaw, G. S. 

Ranshaw, G. S. 


THE SCIENCE UBR-OtY 

Radio round the Wcild 
6s. 

How it Works and how ft s Done 
Bs. 6d. 

Living Maeldnery 
7s. 6d. 

Modem Founds PraeHce 
8s. 6d. 

At Home among the Atoms 
8s. 6d. 

The Stuff We're made of 
los. 6d. 

Science Looks Ahead 
Its. 6d. 

Science in Induct^ 

^s. 6d. 

Popular Scientific Recreations 

8$.6d. 

The Wa^ it Works 
88. 6d. 

PrinsipUt of Eleetricf^ 

8s. 6d. _ 

The Dofs Workshop Companion 
8s. 6d. 

Ecetyday Chemistry 
I 2 S. 6d. 

Food, Health & Vitamns 

T^ ' Bofs Book of 

Scientific Wonders. 8s. 6d. 
The Boys Book of How Things 
are Made. los. 6d. 


Ranshaw, G. S. 
Ranshaw, G. S. 
Roberts, J. E. 


The Bqfs Book of Radio, Tele- 
vision and Radar. 10s. 6d. 

Hew Scientific AehiecemenU 
Gs. 

A Tear teith Hature 

(with coloured plates 61.) 
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Cambridge 

Grm 

Odhams 

SRm 

Bell 

Grm 

Odhams 

SRm 

Bell 

Grm 

Arnold 

Grm 

Oxford 

Grm 

Oxford 

Grm 

Ward, Lock 

GRm 

Peter Davies 

GRm 

Odhams 

STm 

Lane 

STm 

Macmillan 

STm 

Longmans 

Grm 

BuikcPub.Co. 

Grm 
Burke Pub. 

Co. 

Grm 
Burke Pub. 

Co. 

Grm 
Burke Pub. 

Co. 

Grm 

Arnold 

Grs 
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Robertson, J. H. The Stoty of ike Telephone Pitman 

los. 6d. Grm 

Robins, F. W. The Stoiy of the Lamp Oxford 

15s. Grm 

Rowland, T.J.S. living Things for lively Cassell 
and Smith, L. G. Toungslers. 7s. 6d. G r s 

Rowland, T. J. S. More living Things for lively Cassell 
and South, L. G. Tomgsters. “jt. 6d. G r s 

Rowland, T.J.S. Everyday Things for Lively Cassell 
and Smith, L. G. Toungsters. 7s. 6d. Grs 

RowIandjT. J. S. ViialThings for lively Toungsiers Cassell 

and Smith, L. G. 7s. 6d- Grs 

Rowland, T.J.S. Moving Things for lively Cassell 
and Smith, L, G. Tomgsters. 78. 6d. Grs 

Salisbury, E. J. The living Garden Bell 

65- Grm 

Sanford, J. C. Wonderland of Science Virtue 

iss. 6d. Grm 

Singer, C. The Circulation of the Blood Bell 

2J. 6d. Grm 

Solomon, A. K. Why smash atoms? Oxford 


163. 

Penguin 

ts. 

Grm 


Spcnccr-Jones, H. Astronomy in Daily life Bell 

(Royal Institution Christ- Grm 
mas Lectures, i 944 -' 5 )> 

ISS. 6d. 

Sumner, VI. L. Progress in Science Blackwell 

8s. 6d. Grm 

Taylor, F. S, The World of Scierue Heincmann 

8s. 6d. Grm 

Various Authors 

Everydy Knowledge in Pictures Odhams 
7s. 6d. Grm 

Triumphs of Engineering Odhams 

7s. 6d. Grm 

The Marvels and Mysteries of Odhams 
Sntnee. Bs. 6d. Grm 
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Various Authors — conld. 


How arid wfy it worh 

Odbanu 

9a. 6d. 

Srm 

The Miracle t>f the Human Body 

Odhanu 

8s. gd. 

S R in 

The Miracle af Man 

Odhaim 

8s. 6d. 

S R m 

Wonders of Hatare 

Odhams 

7s. 6d. 

Grm 

The Seiettce of lixmg Things 

Odhams 

73. 5 d. 

Grm 

Practical Aulotnoitle Engineering 

Odhams 

lOS. 

S R m 

Practical Mtchardes for All 

Odhams 

gs. 6d. 

S Rm 

Internal Combustion Engines 

Odhams 

9s. 6d. 

SRm 

Electric Motors end Ceneretors 

Odhams 

91. 6d. 

SRra 

Preclical Plastics 

Odhams 

10$. 6d. 

SRm 

Practical Radio Reference Book 

Odhams 

8s. 6d. 

SRm 

(c) Series of Soienoe Topics 


"Background Science" Nebon. 3s. eacb. 


Lauwerys, J. and Glover, A. H. T. MoHag Light 

Grs 

Lauwerys, j. and Glover, A. H. T. Man end Metals G r s 

Lauwery8,J.andGIovcr,AH.T. The Tfdrstaf Cider Grs 

"Everyday Science Topics". Harrap. 

SRs 

Twcddle, T. A. Eoerjicn Satnet Topics 

Part i, 2s, 3d.; Part a, as. gd.; 

Part 3, 35. 


"How and Why" Books. Black. 3s. 6d. each. 


Steavenson, IV. H. Suns and Worlds 

Grm 

SuUh'an, J. W. N. Haw fJdngs Behave 

Grm 
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“Ufc and Sdcncc" Series (Ed. P. Thomhai). .Methuen, ns. 3d. 


each. 

Elwcll, F. Light and Sight Grs 

Gubbin, C. M. The Cvnent we use G r * 

Holmes, B. & M. Keepiag fi'arm G r s 

Holmes, B. & M. The Food ice eat Grs 

Holmes, B. & M. The fyater we use Grs 

Moore, W. G. The Soil u.e lice on Grs 

Palmer, R. life Keeps on Grs 

Thomhni, P. The Air we Breathe Grs 

ThomiuU, P. liVjt and Rest Grs 

“Men and ^Vomen at Work” Scries. Oxford. 

Burr, M. The Sto^ of Cold, 15.4^* Grs 

McKay, H. Oil. is. 3d. Grs 

hfcKay, H. RaSher end its rusr^ Uses. is. Grs 

^VUe, C. ” The Sta^ of Transport, n. 6d. Grs 

‘■New Playbooks of Sdeaoe.*’ Oxford. 5s. each. 

McKay, H. Fun tcith Meekaraes G r m 

McKay, H. The Tricks of light end Colour G r m ^ 

McKay, H. 7 ^x end Itsentions Grm 

“Pageant of Progress” Scries. Oxford, ys. 6d. each. 

AUoott, A- Ckettdstiy Tode^ G r m 

Bowman, J, IVaier Sappl/ Tod^ G r m 

Briggs, M. S. Btdlding Tod^ G r m 

Chapman, E. H- filreteis Tod^ G r m 

Cressy, E. Goil Enghuering Todqj G r m 

Dearden, J. Iron and Steel Today G r m 

Harrison, J. Engines Todeg Grm 

Harrison, J. Afotew-Cor 7 «ir^ Grm 

J. E. Pfaoel Science Todc^ Grm 

Naylcr, J. L. & Flight Todi^ Grm 

Ower, E. 

Smart, W. M. A s tr onor ry Tod^ Grm 

Spencer, D. A. Photogeaphy Todey Grm 

Spencer, D. A, The Gnema Today Grm 

Walcy,H.D. 

"Farr, J. CL Printing Tid^ Grm 

Vinycomb, T. B. Eleebiei^ Today Grm 
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“Puffin Picture Rooks.” Penguin, as. 6d. each. 

Alexander, J. Tht Sttay of Tlani UJ$ Grs 

B.X5sctt-Lowke Watau'sys ef th World Grs 

Rajsctt-Lxswke and MantUous MoitU Grs 

Mann 

Bodmin, S. R. Trees in Brilain Grs 

Boulenger, E. C. Wonders of Sea Life Grs 

and Jeremy, P. 

Chopping Butuefiies in BrUain Grs 

Edwards, L. Our Itorses Grs 

Gardner, J. O/i the Farm Grs 

IIart,P. M. The Af ape 0/ Coal Grs 

. Hawkins, S. Aam/ils of Aiulralia Grs 

I lolksod and Jones A Boot of Insects Grs 

Johnson Animats of North America Grs 

Ladyinan, P. Ahoul a Afotor-^ar Grs 

Millard and Fisher Birds of the ViUap Grs 

Pinner, E. and Wonders ^Animal life Grs* 

Shorten, M. 

Richards, A. Pond end Rica lift Grs 

Stebbing, H. Bxtinel Animat: Grs 

Venables, D. FisA and Ftsldng Grs 

WIson, ht. X>oj’r G f s 


"Realms ofNatuml Sdence" Series. Oxford. 
Ennion, E. A. R. The British Bird 
Plant, E. Afan's UtmitiiUn Past 

Richmond, \V, 3 C Wild Animals of Bntaln 
Savory, T. H. Animab 


5s. each. 

G 

G 

Gr 

Gr 


'Science in Action” Series. Pitman, as. 3d. each. 
Claremont, C. A. Spanning Spate G t 

Lawson, R. Films in the Atoiing G r 

Murray, D. S. Man egainsl Disease G r 

Randcll, W. L. Conveying the World's Atessages G r 

’Whyte, A. G. Divers and Diving G r 


‘Science in Everyday life’* Series. Pitman. 

Little, IV. B. Science and Health. 3s. 6d. G r m 

Little, W.B. SeierKe end Idoing Things. 5s. Grm 

little, W. B. Science and the Weatha. as. gd. Grm 


BSSgg B333 
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“Sdcnce in Everyday Life** Series. Pitman — contd.. 

Little, VV. B. Science in the City. 3*. G r m 

Little, W. B. Spence in the Counity. 3s. G r m 

Little, W. B. Science in ike Home. 3s. G r m 

Machin, R. E. Seietue in a Coalfield. 3s. G r m 

McDougall, A. T. JiahtTe*s Giant Forces. 2s. 3d. G r m 
McDougall, A. T. Hottae's Mystic Movements {Heat Grm 
light and Sound), 3s. Grm 

McDongall, A. T. Hatiads Wondrous Laws. 3s, Grm 
McDougall, A. T. The Marvels ofChemstry. 3s. 6d. Grm 

McDougall, A. T. The Wonders of Electricity, as. ^d. Grm 

Taylor, H- E. Wonders of the Earth's Crust. Grm 

as. 9d. 

Taylor, H, E. Wonders of the Unicerse. as. 6d. Grm 

"Science Topics" (Ed. G. H. Leslie). Cassell- 3s. 6d. each. 
Ailcoti, A. Coal and its Treasures G r 

Allcott, A. Pumps G ^ 

PcajTson, F. J. Our Food G r 

Rowland.T. J. S. Burning and Breathing Gr 

Rotvland, T. J. S. Our Senses G r 

"Visual History of Manldnd’’ Series. (Ed. by L. Mogden) 
Parrish (and Harrap). 3s. 

living in Early Times G r s 

living in Villages and Towns G r s 
living in the World G r $ 

"Voung Observers” Series. Cassell. Grs 

Allcott, A- Book I, as. gd.; Book 2, 3s.; 

3» 3S* 3d.; Book 4, 3s. 3d.; 
Book5,3s. 6d.; Book 6, 3s. 6d.; 

Book 7, 3s. 6d. 

Publications of tbe Science Museum (H.M.S.O.). 

Davy, M. J. B. AeronauficSt Htavter-Uian Air Air- G R n 
crq/i. Part I. Historical Sur- 
vey. (In the Press.) Part II. 
Descriptive Catalogue. (In 
the Press.) 


6 G S E S 
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Davy, M. J. B. 
White, E. W, 


Barday, G. 
Spratt, H. P. 

Forward, E. A. 

Spratt, H. P. 

Westcott, G. F. 
O’Dea, W. T. 

Forward, E. A. 


G. S. Ldrd Glo^vea 


Ward, F. A. B. 


G. Tilghman 

Richardi 
Skinnee, F. G. 


O’Dea, W. T. 
O’Dea, VV. T. 
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Aeronauties, IJghSer-tfuin Air Ct(^ G R m 
British Jnshing-Beals ond Cposlal G R m 
Crafi. Parti. Historical Sur- 
vey. (In the Press.) Partll. 
Descriptive Catalogue. {In 
Preparation.) 

Chemisftjf. Part I. Historical G R m 
Review, 1947. as. 

Afflrine Engisuering. Part II. G R m 
Ifescrfpti«e Catalogue. (In 
Reparation) 

Mechanical Road Vehicles. Partll, G Rm 
Descriptive Catalogue, 194B. 
as. 6d. 

Merchant Suamets and Motor G R m 
Ships. Part II. Descriptive 
Catalogue, 1949. 3s. 6d. 

Pumping Machitury. Part I. G R m 
Historical Notes, 1932. ss. 6d. 

Radio CommuniViitien, its Histo^ G R m 
end Development. (In the 
Press) 

Reilw^ Loeomolivts and Rolling G R m 
Stock. Part. 1. Historical 
Review, 1947. 31. Part 11 . 
Descriptive Catalogue, 1948. 
ss. 6d. 

Sailing Ships. Part I. Historical GRm 
Notes, 1947. 4s. Part II. Des- 
criptive GitaJogue, 1948. 

3s. 6d. 

Tiffte Affanirmwnt. Part I. His- G R ra 
torica] Revic%v, 1947. as. 

Part II. Descriptive Cata- 
logue. (In Preparation.) 

Typetcrilers. 1948. ii, 6d. GRm 

Weighing and Afeasttring. Part J. GRm 
5000 B.c. to A.D. 500. (In 
Preparation.) 

Darknessinto Daylight. 1948. is. GRm 
Electric JUwrdnation. 1947. pd. GRm 
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Baker, R. H. 
Beet, E. A. 

Beet, E. A. 
Bums, P. F. 
Chant, C. A. 
Eddington, A- S, 
Evans, D. S- 
Gamar, G. 
Hargreaves, F.J, 
Jeans, J. M. 
Jeans, J. M. 
Jeans, J. M. 
Jeans, J, M. 
Jones, H. S. 

Jones, H. S. 
Jones, H. S. 

Jones, H. S. 
Jones, H- S. 


Astronomy 

An IrUroduction to Astronomy, 
t6s, 

A Guide to the Sly 
6s. 

Elemtnlasy Astron/my 
8s. 6d. 

First Sups in Astronomy 
6s. 6d. 

Oirr ll'onderful Urnetrse 
73. 6d. 

The Expanding (Jidterse 

3 ^. 6 d. 

Frontiers of Astronorry 
6s. 

The Birth and Death of the Sun 
18s. 

The Si^t of the Vrdtme 
IS. 6d. 

The M/stmous Utdoetse 
3 s. 6d. 

The Stars in their Courses 

y. 

Through Space and Time 
8s. 6d. 

The Unioerse Around Us 

15s- 

Astronony in Daily life 

(Royal Instimtion Christ- 
mas Lectures, 1^-5). 
las. 6d. 

Crnerai AsUonor/y 

135. 6d. 

Worlds leilhout End 
Bs. 6d. 

The Rtydl Obsertaloiy 
IS. 6d. 

Life on other Worlds 
8s. 6d. 


Macmillan 

G r m 

C^bridge 

Grm 

Cambridge 

Grm 

Ginn 

Grm 

Hatrap 

Grm 

Cambridge 

Gra 

Sigma Books 
Gra 

Macmillan 

Gra 

Penguin 

Grm 

Cambridge 

Gra 

Cambridge 

Grm 

Cambridge 

Grm 

Cambridge 

Gra 

Bell 

Grm 


Arnold 
Grm 
Eng. Univ. 

Press 

Grm 
Longmans 
Grm 
Eng. Univ. 

Press 


Grm 



L«ter, R. M. 
McHardie, G. 
Smart, W. M. 
Smart, W. M. 
Smart, W. M. 
Smart, W. M. 
Spencer, L. G. 
Thomas, O. 


I. Historv 
DeKniif, P. 


DeKruif, P. 
Doorly, E- 
Doorly, E. 
Gilmour, J. 
Holmes, S. J. 

Megroz, R. E. 

Ne^\TOan, G. 
Savory, T.H. 
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Practical Astronortyfor the Forces 
as. 6d. 

Prcparalioit of Minors for Astro- 
nomicaj^ TtUsco^s. js. 6d. 
Astronomseal Jraoigation 
5s. 

Astronomy Torfay 

7s. 6d. 

Foundations of Astronomy 
The Sun, the Stars and the Universe 
An Illustrated Gtnde to the Stars 

The Heavens and the Universe 
7s. 6d. 

BlOLOOV 
and Biography 
Mierebe Hunters 
7s. 6d. - , ^ 

{Pocket Books, Inc., N.Y., 

IS. 9<*-) _ 

Affrt against Death 
I as. 6d. 

The Insect Man 
IS. 6 d. 

The Microbe Man 
IS. 6 d. 

British BotasdsU 

5s. 

Low Pasteur 
7s. 6d- 

KomU /!«>, Dtorrn- mi 
Creotof- “• 
rh! Rin ojrncmlalla MtRiim 
los. 6d. 

Seven BioIopsU 
IS. 3 d. 
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Hutchinson 

Grm 

Blackic 

S Rm 

Longmans 

Gra 

Oxford 

Grm 

Longmans 

Gra 

Longmans 

GRa 

Chambers 

GRni 

Alien &. 

Unwin 

Grm 


Cape 

Grm 


Cape 

Grm 

Penguin 

Grm 

Penguin 

Grm 

Collins 

Grm 

Chapman and 

Hall 

Grm 
Allen and 

Unwin 

Grm 

Oxford 

Grm 

Oxford 

Grm 
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Singer, C. 

The Circulation of the Blood 

Bell 


2s. 6d. 

Grm 

Singer, C. 

Gutk Biology and Medicine 

Oxford 


3 S. 6d. 

Grm 

Singer, G. 

A Short History of Medicine 

Oxford 


I2S. 6d, 

Grm 

Truax, R. 

Joseph lister: Father of Modem 

Harrap 


Surgery, tos. 6d. 

Grm 

Zinsser, H, 

Rats, Lice and History 

Routlcdge & 


103. 6d. 

Kegan Paul 



Grm 

Locy, W. A. 

Biology and its Makers 

Henry Holt 


i6s. 

& Co. Inc. 



Grm 

Locy, W. A. 

Growth of Biology 

Henry Holt 


iCs. 

& Co. Inc. 



Grm 

3, General Biolooy 


Abercrombie, M. }few Biohg/. (Issued at Inier- 

Penguin 

aod Johnson, M.L. vaU). u. 6d. 

Grm 

Bacharach, A. L. 

Science and Pfutrilton 

Watts Co. 


y- 

Grm 

Carrel, A. 

Man the Unknown 

Penguin 


18. 6d. 

Grm 

Dale, A. 

An Introduction to Social Biology 

Heinemann 


153- 

Grm 

Darling, 

Wild life in Britain 

Collins 

Fraser, F. 

5S- 

Grm 

Darling, 

The Matural History of the 

Collins 

Fraser F. 

Highlands and Islands. 21s. 

Grm 

Edwin, M. 

Pfalurds Tear 

Longmans 


8s. 6d. 

Grm 

Etmion, E. A. R. 

The Story of Afi^ralion 

Harrap 


I os. 6d. 


Fitter, R. S. R. 

London Natural History 

Collins 


31S. 


Ford.J. H. 

Chermcal Control of Insects 

Pilot Press 


9s. 6d. 


Haldane, J. B. S. Possible WootdsandOiher Ess<^s 

Ghatto & 


3s. 6d, 

Wlndus 



the science ubraky 

Hayward, J. A. 

Hcnrid,A.T. nBMoiy’/BnMi- 

17s. Cd. 

Hill A V. Maekiiutjf 

’ ■ * 7s. 6d. 

Huxky.J. Ess^s^PoP-I^Bcw^' 

Huxlay.J. aS* 

"KcUh,A.E. 

K„„w 1 «,F.G. 

loa. Dd. 

Ka.owta.F.G. 

Nichol.H. 

Perry, R. Atoefel »» 

Perry, R. /W/r 


Pirennc, M. H. 


Pitt, F. 

Plimmcr,R.M.A. 

andV. G. 
PUmmcr, V. G. 

Ridley, G. N- 


Smith, B. AV. 
Smith, K. M* 
Tansky, A. G. 


j^'an and ihi Eyt 
os. 6d. . . 

IKWrlmewA 

I2S. 6d. 

FtoJ, HiaM «"'* 

78. 6d. 

Faoi *** ° 

8s. 6d. 

Afafl *y* 

28 . 6d. 

World in U>« P<«* 


55-oni the Miaoscope 

83. 6d. 
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Cambridge 

Routkdge & 
Kegan Paul 
Harrap 

BcU 

Chatto & 

^Vindus 
Chatto & 

Windus 
Williams & 

Norgate 

Harrap 

Harrap 

Penguin 

Grm 

Lindsay 

Drummond 

Grm 

Lindsay 

Drummond 

Grm 
pilot Press 
Gra 
Batsford 
Grm 

Jyjngmans 

Grm 

Longmans 

Grm 

Watts 

Grm 

Wamc 

Grm 

Penguin 

Grm 

, Cambridge 

Grm 
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Tanslcy, A. G. 

The British Islands and their 

Cambridge 

vegetation. 63$. 

G Ra 

Tamley, A. G. 

Bnlain’i Gf«fi Mantle 

Allen & 

t8s. 

Unwin 

G R m 

Thompson, J. A. 

Biology for Everyman 

Drnl 

a vob. 25s. compJric 

G Rm 

Turner, W.J. 

Jfature ta Britain 

Collins 

(Ed) 

2 fS. 

C rm 

Vesey- 

A ChiliTs Biology 

Cassell 

Fitigerafd, B. 

Os. Gd. 

Gr* 

Van VJyzs, C. 

living Creatures 

Black 


los. 6d. 

Grs 

^Vells. H. G., 

The Seirnee of Life 

Cassell 

Huxley, J. and 
^Vells, G. P. 

tos Gd. 

G r m 

3. General'Bqtany 


KeeWe, F. 

Life of Plants 

O-xTord 


7s. 6d. 

G r m 

Mangham, S. 

EarlKs Green Mantle 

Eng. Univ. 

15s. 

Press 

G r m 

Ransom, F. 

British Herbs 

Penguin 


IS. 6d. 

SRm 

Rayncr, M, C. 

Trees and Toadstools 

Faber 


6s. 

SRm 

Sc^t'ard, A. C. 

Plant life through the Ages 

Cambridge 


3 <w. 

Grm 

Small, J. 

Pocket Lens Plant Lore, Month 

Churchill 


by Month. 5s. 

Srs 

Small, J. 

H'hat Botary really mearu 

Allen & 


55 - 

Unwin 

S r m 

Turrill, ^V. B. 

British Plant life 

Collins 


SIS. 

S r a 

Brown, W. H. 

The Plant Kingdom 

Ginn 


255. 

SRa 

4. FLowr.RiffG Plants 


Beutham, G. and Handbook of the Briiisk Flora 

Reeve 

Hooker, J. D. 

17s. 6d. 

SRa 



the science library 

Blunt, W. niipamitia 

2s. 6d. 

Bonnier. G. BrlluA Fhra 

los. bd. 

Bonnier. G, lh» Flower 

los. 6a< 

Brimble, L. J. F. Flmer, in BriUnn 
"5S- . . 

Brimble, B.J.F. TrminBnUnn 


King PCTguin 

S Rin 

Dent 

SRm 

Dent 

SRm 

Macmiiian 

Srm 

Macmillan 

Srm 


Butcher, R. 

& Strud>vick, F. 

Edlin, H. L* 

Fitch, W. H. and 
Smith, \V. G. 

Gilmouf, J. 
GUmour, J. 
Grigson, G. 

Grigson, G. 
Hayward, \V. R. 
Hodgson, N. D. 
Hodgson, N. B. 
Hutchinson, J. 
Hutchinson, J. 
Hutchinson, J. 


f uriftrr lUtuanlimr tf Bji BnlM 

Flora. (tstCompamonbooK 

to Bentham & Hookers 
Flora). 17s* 

U'oodland Tuts 

IliustTations oj the BntuA Flora. 
(and Companion book to 
Bentham and Hooker 9 
Flora). »7*- 
Wild Fleieftt of the ChalK 
as. 6d. 

” a is!^'’^ot yet publisbed) 
IKIi Ftmers in Bninin 
(“Britain in Picturej Seriej). 

WMFkwcroflAeMrndou, 

as. 6d. 

The Bolanisl's Pocket Book 

Tm, end Shnbs ./BrriirS Wrr 
95. 6d. 

IV'iW Flowers 
gs. 6d. 

Bn'rM Flmrins Pinna 
25s. 

Common imFlowtn 

m 7, Common mu Flowa, 


Reeve 

SRa 


Batsford 

SRm 

Reeve 

SRa 


King Penguin 

Srm 

Collins 

Collins 

Crtn 

King Penguin 

Srm 

Bell 

SRa 

Crovirthcr 

SRs 

Crowthcr 

SRs 

Gawthom 

Sra 

Penguin 

SRm 

Penguin 
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James, \V. O. and The Biohgj of Flowers 

Oxford 

Clapham, A. R- 

8s. 6d. 

SRa 

Johns, C. A- 

Flowers if Uu Field 

Routlcdgc & 


13S. 

Kegan Paul 



S R m 

Johns, C. A, 

British Trees and Shrubs 

RoutJcdge & 


12S. 6d. 

Kegan Paul 



S R m 

Makins, F. K. 

Coruise Flora of Britmn 

Oxford 


6j. . 

SRm 

Makins, F. K. 

Tttfcf in tVinler 

Dent 


7s. 6d. 

SRm 

Makins, F. K. 

Identifeation of Trees and Shrubs 

Dent 


SIS. 

SRm 

Prime, G. T. and 

A Shorter British Flora 

Methuen 

Deacock, R- J. 

iss. 6d. 

SRm 

Salisbury, E. J. 

Flowers of the fVood 

King Fcnguio 


ss. 6d. 

Srm 

Salmon, J. 

IVild Flowers of the Chalk 

King’ Penguin 


ss. 6d. 

Srm 

S^tc, T. H. and 

Wild Flowers of the Waysidtand 

^Vame 

Stokoc, W. J. 

Woodland. (Wa^'side Pock* 

S Rm 


et Guides). Jos. 


Skene, McGregor 

A Flower Book for the Pocket 

Oxford 


iss. 6d. 

Srm 

"Sicp, E. 

W^ride and Woodland Blossoms 

Waroe 


3 vob. 125. 6d. each 

SRm 

Step, E. 

Wt^side and Woodland Trees 

^Vame 


I2S. 6d. 

S R m 

Step, E. 

The Observer's Book of Trees and 

Wame 


Shrubs of the British Isles. 

S Rm 


4S. 6d. 


Step, E. 

The Observer’s Book of British 

^Vame 


Grasses, Sedges and Rushes. 

Srm 


4$. 6d. 


Va«5ch\,V. and 

Meunisins in FUauet 

lindsay 

Krause, E. 

«5»' 

Drummond 



Srm 

Williams, I, A. 

Flowers if Marsh and Stream 

King Penguin 


2 s, 6d. 

Srm 

waiis, J. a 

A Die&oruay of Flowering Plants 

Cambridge 


and Ferns. 2 os. 

Srm 



the sctence library 


t75 


5. Flowerless 
Bawden, F. C. 
Hubbard, C. E. 
Jackson, A. B. 
Large, E. C. 
Ramsbottom, J. 
Ramsboltom, J. 
Ramsbottom, J. 
Richards, P- W. 
Step, E. 


Plant Distases 
7s. 6d. 

Bnihh Wild Grasses 
18 . 6d. 

Identifeation of Contfets 
los. 6d. 

The Advance of the Fungi 
i8s. 

Edible Funp 

25. 6d. 

Poisonous Fun^ 

2 s. 6d. 

Mushrooms end Toadstools 
21 s. 

Mosses 

6d* 

128 . 6d. 


Nelson 

SRm 

Penguin 

Srm 

Arnold 

SRm 

Cape 

SRm 

King Penguin 
SRm 

King Penguin 

SRm 

Collins 

King Penguin 

SRm 

Wame 

SRm 


6. General Zoology 
Dakin, W.J. 


Durden, J. V., 
Field, M.and 
Smith, F. B. 
Haldane, J. B.S 
and Huxley J. 
Lulhara, R> 

Mackinnon, 

D. I 

Pycraft, W. P. 
Richmond, W 


Cine-Biology 
IS. 6d. 

Animal Biology 

Aniniroduction to 

yfature Study. !«• 6d. 
The Animal^ World 

Ti’sS^ardJfaturalir, story 

U^U Animals in Britain 


Savory, T. H. 
Shull, A. F. 


Animals 

pri^pUs^Amm.tBi^hSl' 


24s. 


Oxford 

SRm 

Penguin 

Srm 

Oxford 

Grm 

Macmillan 

Grm 

Bell 

Grm 

Wame 

SRm 

Oxford 

Grm 

Oxford 

Grs 

McGraw-Hill 

Srm 
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Step^ £. 

Ammal Lift of the British Isles 

Wamc 


13 s. 6 d. 

S R m 

Wenderr, L. 

Animal Ert^hpaedta 

Alcn & 


I 3 s. 6 d. 

Unsvin 

S R m 

7. Vertebrates 


Anmlrong, E, A. 

Birds of the Gr^ Wind 

Lindsay 

6 s. 

Drummond 
G r m 

Annstrong, E. A. 

The Way Birds Lite 

Lindsay 

6d. 

Drummond 

Grin 

Annslrong, E. A, 

Bird Display and Behaviour 

Lindsay 

31s. 

Drummond 

Grm 

Cowsird, T. A 

The Birds of the British Isles and 

Wamc 


their Eggs, 3 voU. 15s. each 

GRa 

Coward, T. A 

Birds of the Wayside and Wood- 

Wame 


land. lOs. (An abridged 
version of the bigger book) 

Grm 

DagUsh, £. F. 

Kame that Bird 

Dent 

tos. 6 d. 

GRm 

Emuon, E. A R. 

The British Bird 

Oxford 


5s. 

Grm 

Ennlon, E. A 

The Lapwing 

Methuen 


6s. 

Grs 

Fisher, J. 

Watching Birds 

Penguin 


IS. 6d. 

Grm 

Fisher, J. 

Birds in Britain 

Collins 


, 5 *- 

Grm 

Fisher, J. 

Bird Eecognitian 

Penguin 


3 vols. 2s. 6d. each 

GRm 

Gibson»HiII, 

British Sea Birds 

Wtherby 

a A 

18s. 

Grm 

Gibson-Hill, 

Birds of the Coast 

Witherby 

C. A. 

8s. 6d. 

Grm 

Gordon, S. 

fVild Birds in Britain 

Batsford 


sas, 6 d. 

Grm 

Hodgson, N. B. 

Mammals and Reptiles of ike 

Crowthcr 


British IsUs. 8 s. 6 d. 

S R ZQ 

Hodgson, N. B. 

British Jfesting Birds emd their 

Crowthcr 


Eggs. 8s. 6d. 

S R m 
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Hodgson, N. B. 
Howard, E. 

Hunter, W. A. 

Jenkins, J. T. 
Joy.N. 

Kirkman, F. B. 
andjourdain, 

F. G. R. 

Kyle, H. M. 

Loch, D- 
Lockslcy, R. M* 
Maonahon, 

A. F. M. 
Neal, E. 

Nicholson, E. M- 
and Koch, L. 

Nicholson, E. M* 

Rogerson, S. and 
TumiclifTe, C. 
Romcr, A. C. 


■ntE saENCt UBRARY 

Fmh »’«/«• ruha »/!*' i!"** 
i,t„ 6d. S R m 


hill. 8!.6d. 

Ttmtarj ^S‘ 

I os. 6d. 

Thi Romnnet of Fish Life 
is. 6d. 

The Fishes of the BtiAsh Isles 

Hew to Know British Buds 
6s. 

British Birds 
4 as. 

The BlologJ of Fishes 

25s- 


Sandars, E. 
Sandars, E. 
Smith, J. 


The Ufe of the Rebirt 
Os. 6d. 

Birds of the Sea 
as. Gd. 

Fishlore 
IS. 6d. 

The Badges 
I as. 6d. 

30s. two gramo- 

phone records) 

, iUiiSinsiofM-MDiih 

30s. ('Vith three gramo- 
phone records) 

Our Bird Book 

ais. , . 

ManandtherefUhTales 

25s. 

A Beast Book for the Foeket 

tas. 6d. 

125 . 6d. 

How to study Birds 
71. 6d. 


SRiu 

ColUns 
Grm 

A. & C. Black 
Ltd. 

Grm 

Wame 

Grm 

^\'ithc^by 

G R m 

Nelson 

S R m 

Sidgwick & 

Jackson 

SRa 

Witherby 

Grm 

King Penguin 

SRro 

Penguin 

Grm 

Collins 

Grm 

Witherby 

GRm 


Witherby 
G Rm 

Collins 
SRm 
Univ. Chic- 
ago Press 
Srm 
Oxford 
S R m 
Oxford 
SRm 
Collins 
Srm 
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Smith, M. Brilish lUpHUs mJ Amphibia King Pengum 


2S. bd. 

Smith, P. B. Gordin Birds 

as. 6 d. 

Witherby, H. F. Handbook of British Birds 
Jourdain, F.C.R. 5 vols. 

Ticchurst, N. F. 

and Tucker, B.W. 

Y^ey. British Bats 

Fitzgerald, B. 6 s* 


King Penguin 
SRm 
Witherby 
SRa 


Methuen 

Grm 


8. Invertebrates 

Austen, E. E. Thi Hmisi-fij or a Bangtr to 
Health. 6 d. 

Austen, E. E. Clothes Moths and H(mse Moths 
gd. 

Beaufoy, S. BulUrfy Lxoes 
las. 6 d. 

Bristowe, R. M. Spiders 
as. 6 d. 

Buchsbaum, R- Animals unthout Backbones 
ass. 

(Penguin a vols. is. 6 d. each) 
Caiman, W. T. Marine Boring AmmaU 

IS. 

Carpenter, G. H. Tbt Eiohgp of Instils 


H.M.S.O. 

Grm 

H.M.S.0. 

Grm 

Collins 

Grm 

King Penguin 
Grm 

Univ. Chie* 
cago Press 
SRm 
H.M.S.O. 
SRm 

Sidgwick & 

Jackson 


Chrystal, R. N. Insects of the Bntish Woodlands 

i 5 ». 

Crompton, J. The Hunting Wasp 

los. 6 d. 

C. D. Duncan The World of Insects 

& G. PickwcU 355. 

Ellis, A. E. British Sneals 

15s- 

Ford, E. B. Butleifties 

2 IS. 

Fumcaux, \V. S. British BuUeflies and Moths 
6 s. 


SRa 

Wamc 

SRm 

Collins 

Grm 

McGraw Hill 

Book Co. Inc. 

Grm 

Oxford 

SRm 

Collins 

SRa 

Langmans 

SRm 
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Graham, C. J. 

Fumilurt BttOts 

H.M.S.O. 

Hodgson, N. B. 

6d. 

S Rm 

The Jnitels of the Sritish Isles 

Crowiher 

Hodgson, N. B. 

yj. 6d. 

S R m 

Srilish SpiArs 

Crowiher 

• Hugh«, A. \V. 

9S. 6d. 

S R m 

The Bed Bu£ 

H.hf.S.O. 

McK. and 
Johnson, C. G. 

6d. 

S R m 

Huxley, J. 

Ants 

Cbatto & 

tmzns, A. D. 

3J. 6d. 

Windus 

Grm 

Inseet Jfaturat Histoey 

Collins 


SIS. 

SRm 

Imms, A. D. 

Outlinee of Fntamohsgj 

Methuen 


iss. 6d. 

SRa 

Iznnu, A. D. 

Social Behastour h Insects 

Methuen 


A*’ 

Srm 

Jones, M. 

The Bern and Beet Aphis 

John hturray 


(S.M.A. Modern Science 
Memoir No. sG). is. 6d. 

Srm 

Joy, N. H. 

British Beetles, Thnr Homes end 

Wame 


Habits. 7 $. 6d. 

S Rra 

Lang, F. 

77i< Ctxhneth 

H.M.S.O. 


Cd. 

S R m 

Latter, 0. H. 

The Housefjt and Mosqvilo 

Murray 


(S.M^. Modem Science 
Memoir No. g). i». gd. 

SRm 

Longheld, C. 

DTagojijiits of the Britbh Isles 

Wamc 


tss. 6d. 

SRm 

McUanby, K. 

Insect Control 

Sigma Bools 


6s. 

Grm 

Newman, I*. H. 

TaVdng of BuUetfiits, Moths end 

Littlcbury & 


Oth^ Insects. iPS. 6d. 

Co. (\Vor- 
ccster) 

Grs 

Sandan, £. 

An Inseet Bod for the Pocket 

Oxford 


iss. 6d. 

S R m 

Sandan, E. 

A Batlerfy Book far the Pocket 

Oxford 


tss. 6d. 

SRm 

Savory, T. H. 

Biology of Spiitn 

Sidg>N'ick & 


25*- 

Jacbon 

SRa 
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Savor)', T. H. 
Smart, J. 

South, R. 

South, R. 

Step, E. 

Step, E. 

Stokoe, ^V.J. 

Stokoc, W.J. and 
Stonin, C. H. T. 
StokoCjW.J.and 
Stonin, G. H.T. 
Taylor, G. 

Taylor, G. 

Wcdmore, E. B. 

Yonge, a 


Spiders crul allied orders oj the 
British Isles. 121, 6d. 
lia 
gd. 

The BuiUrf.ies cf ihs British 
Isles. 12s. 6d. 

The Moths of the British hies 
2 vols. ly. each 
Bees, U’aspSf ArJs and Allied 
Jnseets of the Bntisk Isles. 
* 5 S- 

Shill Life 
121. 6d. 

ButUfJties and Moths of the 
IVe^ndesmi Wocdland. 
(Wayside Pocket Guides 
Scries.) 10s. 

CaUrpitlais of the British ButUT‘ 
fees. 103. 6d. 

Ca/er/illert of British Meths 
2 vols. i2t. 6d. each 
Beetles 
S3. 6d. 

Irueet Ufe in Britain 

y- 

A Marsiai of Beekeeping 
i8i. 

Cr^fsh ard Loiriers 

(SAt-A. Modem Sdcnce 
Memoir No. 25). 1$. 3d. 


See also publications of the 
MinbtT)' of Agriculture and 
Fisheries, 


See also publications of the 
Amateur Entomologists’ Soc- 
iety. 

Sec also British Museum (Nat- 
ural Ifutory) gujda. 


%Vame 

S Rm 

H.M.S.O. 

SRm 

'W’amc 

SRm 

^Va^Je 

SRm 

Wame 

SRm 

^Vame 

SRm 

l\'ara« 

SRm 


^Vamc 

SRm 

Wame 

SRm 

King Penguin 

SRm 

Collins 

G r m 

Arnold 

5 Ra 

Murray 

SRm 



THE SCIENCE ElBRARV 

Q. AttUATio Life Eiurotd 

Lghtwril,I-R- »/«"'»” Grm 

c-p-'r.K-E. 

Flaltdy.F.W. 7l< fliobiF Jacton 

and Walton, C. 253. SRni 

Furncau*.W.S. i./, ;« P™* 

OS. Longmans 

r..meaux. W. S. SRn, 


201. 

77i< fliolos' "/ 
253. 


Furncau*.W.S. i./, ;« P™* ^Rr'’” 

OS. Longmans 

Fi.meaux,W.S. Th,S,aSh« Sr„ 

Hodgson, N.B. 

Mdlnnby.H. dnid s R m 

(D^ripl'ons of lbs oom- 

Lntrftahsvnlorinvtrtt- 

braies) Constable 


Needham, n.Wocy. 6 s. . , 

!tc:;?ficnuonorftssbwa,sr 

organisms) 

Ncss«gfn,M.I. 


Palmer, R- 


Rmsoll,F.S.»nd TSJ*" 

Yongc, C. M- , 
Wilson, D.P- 


organisms) & 

£jy> #/ (Ar StoMOTt Unwin 

7 s. 6 d. G R m 

Tliomtonand 

Jifffrw/r <tf IJultcnvorlh 

Gs. Grm 

Wame 

Tht Stoi Grm 

(£.Slrntpl.ologrnphsand 

brief descriptions of com- 
niunities) Collins 

They l»-* •" Grm 

128. 6d. 


\S’il$on, Us )’• 
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Yongc, CL ^L 

BriAsk Maine life 

Collins 


y- 

Grm 

Yongc, C. M. 

The Sta Shore 

Collins 

SIS. 

See also publications of the 
British Freshwater Biological 
Association. 

5 Rm 

xo. Biochemistry and Physiology 


1 and 

The Scienee of Senng 

Penguin 

Pirie, A. 

IS. 6d. 

Grm 

Mottram, V. H. 

Human KutriAon 

Arnold 


6s. 6d. 

Grm 

Murray, D. S, 

Tour Body 

^Vatts 


2 s. 6d. 

Grm 

Ostlcrc, G. 

The Rilif of Ban 

Sigma Books 


6s. 

Gra 

Roberts, H- 

The MiretU of the Human Body 

Odhams 


8s. 6d. 

Grs 

Walker, K. 

Human PhnoUzy 

Penguin 


IS. Gd. 

Grm 

Walker, K. 

The Pfynotogy of Sex 

Penguin 


IS. Gd. 

Srm 

'Waddington, 

How Animats Develop 

Alien*. 

CH. 

45. 6d. 

Unwin 

Srm 

II. Ecology 

AND Distribution 


Bracher, R. 

Eeolosj in Town end Classroom 

Arrowsinith 


3»- 

SRm 

Bracher, R. 

Field Studies in Ecology 

Arrowsraith 


2S. 6d. 

S R m 

Darwrin, C. 

A Ji'atuTolisl's Voyage round the 

Dent 


World. 45. 6d. 

Grm 

Drabble, H. 

Plant Ecology 

Arnold 


8s. 6d. 

S R m 

Ellon, CL 

Animal Ecology 

Sidgwick & 

Ellon, C. 

*5*. 

Jackson 

The Ecology of Animals 

Methuen 

Leach, ^V. 

45, 

SRm 

Plan! Ecology 

Methuen 


45 . 6d. 

S R m 
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McLean, R. C. 
and 

Cool:,R.W.I. 
Ncwbigin, M. I. 

Ommancy, F* D. 

Pearsall, W. H. 


Pearse, A. S. 
Tamlcy, A. G. 
Tanslcy, A. G. 


Tanslcy» A. G. 


Tansley,A.G. 

and 

Price Evans, E. 


Tire. SCIENCE UBRARV 
pToelical Plant Ecology Unwin 


9s- 

Plant and Animal Geographjf 
i6s. 

South Latituda 

los. 6d. ... 

Mountains and Moorlands 
a IS.’ 

Atumal Eeology 


SRa 
Methuen 
G Rm 
Longmans 
G r m 
CoUIds 

McGra%Y-HiU 

SRa 


a} T.,ry,dMtion to Plant Ecology 


Cambridge 

SRa 

Allen & 

Unwin 


8s. 6d. 

SRm 

Britain's Grtcn Mantle 

Allen & 

Unwin 

t8$. 

SRm 

Plant Ecology and the School 

Allen fit 

Unwin 

G$. 

SRs 


13. 


LABCATOKV 


Bateman, G. C. 

Berkeley, C.J. A. 


fushwalct Aquaria 

Prttical Plant Anatorry 

5S- 


Powell. R. R- 
Green, T. L* 


Green, T. L. 


t^SlAnirtg Schedules 

'gguel Ttchrnquo 


Link House 
SRm 
Univ. Lend. 

Press 

SRm 

ILKALes"* 

SRm 

Allman 

SRm 


Allman 

SRa 
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Green, T. L- 

Loboraloty Work in Zoology 

Murray 

{S.M.A. Modem Science 

SRm 


Memoir No. 15). is. 


Hodge, A- E. 

Vtsarium and Aquarium keeping 

Witherby 


feyr Amateurs. 5s. 

SRm 

Holder, J. T. 

Elementary Histolo^al Tech- 

Churchill 


nique for Animals and Plant 
Tissues. 7s. 6d. 

SRa 

Johnson, J. C, 

Microscopie Objects: How to 

Eng. Univ. 

mount them. 3s. 6d. 

Press 

SRm 

Kalmus, H. 

Simple Experiments with Insects 

Heincmann 


7s. 6d. 

SRm 

Keeble, F. and 

Practical Plani Physiology 

Bell 

Rayner, M. C. 

4s. 6d. 

SRm 

I^each, W. 

Pr actual Botany 

Methuen 


5S* 

SRm 

Marshall, K. M. 

A Junior Course in Praetkal 

Murray 

and Hunt, G. H. 

Zoology. 12s. 

SRa 

Peacock, H. A. 

Etemenlcry MieToUchrdque 

Arnold 


93. 

SRm 

SmaU.J. 

PraetUal Botany 

Churchill 


I os. 6d. 

SRm 

Ed. Adlam, 

The 5aCTice Masters' Book 

Murray 

G. H.J. 

1st Series: Part i Ph^Vics. 

SRm 


I 3 S. 6d. 

Part 7 Chemistry 
& Biology t2S. 6d. 
and Series: Part i Ph>’5ic3. Murray 
15s. SRm 

Part 2 Chemistry 
& Biology las. 6d. 

Ed. Adlam, G. The Snettee Masters' Book Murray 

H.J., Humby, 3rd Scries: Part 1, Physics. SRm 
S. R. and 153. 

PingrifT, G. N. 

Natural History Museum Publications 
Instructions for Collectors. AH S R m 
No. 3 Reptiles, Amphibians and Fishes, 4d. *93® 

No. 4A Jasecis by J. Smart, is. 6d. 1940 

No. 8 Spiders, Centipedes, Perip^us, etc. 1 942 
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No. oA InverUbrale Animots elktrUum Insects by 

H. A. Baylis and C. C. A. Monroe, ts. 
No. 12 Worms. 6d. 

No 12 Alcohol and Alcohebntiers. , 

S:eatop!.bUca,!on,or.h= Amateur 

Society 


13. Rural Science 
Birks, S. G. B. Cmd Sal 
od. 


Comber, N. M. 

Darling, F. 

Fraser 
Darling, F. 

Fraser 
Darling, F. 

Fraser 
Darwin, C. 

Edlin, H. L. 

Graham, M. 

Hall, A. D. 


InlTodiution lo du Scientific Studji 
. of Iks Soil. , 

The Seasons and the Gardener 
6s. 

The Seasons and the Fanner 

3 *‘ ^ 

Island Farm 

Darwin on Hianas and the Earths 
worm. 8l 

Forestry and Woodland Lift 
15s. 

Soil and Sense 
7$. 6d. 

Fertilisers and Matwes 


Hilton, G. A. C. 
and Avorice,J.E- 

lAwrencc, W. J. 


gs. 

The School Farm 
8s. 6d. 

The Young Gardener 

6 s. 


Eng. Univ. 

Press 

Grm 

Arnold 

Gra 

Cambridge 

Srm 

Cambridge 

Grm 

Bell 

Grm 

Faber 

Grm 

Bauford 

Grm 

Faber 

Grm 

Murray 

GRm 

Murray 

Grm 

Harrap 

Grm 

Allen & 

Unwin 


Patanion,J.W. Sd.mmApio'lm 

Pcuchcr.C. 

IS. od. 

PamivaU. 

l8s. 

R„bim=n,D.H. 0,odC^>lmi 
4s. od. 


Longmans 
G Rm 

Penguin 

Grm 

Duckworth 

G Rm 
Eng. Univ. 

Press 

Grm 
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Rmscil, E.J. 

Brilish Fernung 

Collins 


5 s. 

Grm 

Rmsd], E. J. 
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CHAPTER TWELVE 


VISUAL AIDS IN SCIENCE TEACHING 

I propose to consider in turn, films, film-strips, lantern 
slides, charts, models, pictures, set pieces of apparatus, and 
the microproje'ctor. 


A. Filsis 

Science films are roughly divided into two kinds: back- 
ground films and direct teaching films. Background films are 
usually suitable for showing to fairly large groups of children 
because they do not deal with specific subjects. “Nagana”^ 
is a good film of this type. In this film we arc shown some- 
thing of the ravages in central Africa of the disease nagana 
in cattle, which is transmitted by the tsetse fly. The wild 
animals have the trypanosome protozoa in their blood, but 
do not suffer from nagana. However, when a tsetse fly bites a 
wild animal it is likely to get some of these parasites in its 
blood which later mix with the saliva and when it bites a 
domestic co^v it is very probable that some of the parasites 
will be injected during the biting into the animal. Domestic 
animals do suffer very severdy from nagana. Various 
methods of counteracting the action of the flics have been 
tried and they arc illustrated in the film. Finally we sec 
methods of spraying the trees and undergrowth by D.D.T. 
from aeroplanes. The film is in colour and an atmosphere of 
AfHcaans is enhanced by the use of native music. This is a 
good background film on the subject of the social value of 
science. It can be shown with success to children from 1 1 
upwards. 

Lesson films shosUd be shown as definite tcaclung aids in 
an actual lesson. A film of this type is the one on the Micro- 
scope*. In this film the technique of using a compound 
microscope is demonstrated very clearly. Every stage is 
dealt with in the focusing ofa microscope and the illumina- 
tion of the transparent object on the slide. If a teacher was 
introducing a class of 30 children to a microscope and how 
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to use one, this film would be a good start. Children in the 
last year at school should be capable of using a compound 
inicroscopc, if they are reasonably intelligent. This film 
followed by a demonstration by the teacher svould be a 
good combination of methods for teaching this rather 
slulled technique. 

There are certain aspects of science which can be better 
illustrated by films than in any other way. I will mention a 
number of them. 

Slow motion photography is sometimes used in films. 
This is accomplished by running a cin^*camcra very quickly. 
A very special camera is used wliich accelerates quickly from 
zero and runs through 300 feet in a matter of seconds. It is a 
technique which is useful In a number of irays. VVe may wish 
to see what happens when a bullet pierces a sheet of glass. 
In a film of this kind you can see the sound wave travelling 
through the glass. It is useful for sho^ving what happens to 
a piston at a high speed, how it actually changes shape dur> 
ing its movement. The same technique is employed in films 
of tlie movement of human limbs to show the correct strokes, 
say in the crawl, in SNvimtmng, or ho^v to take a hurdle. 

Tlicrc is the opposite technique known as time-lapse 
photography. In this kind of photography the dn^-camera 
operates very s!o^vIy so that when the film is shown ev'cry- 
ihing is speeded up. There b a particularly good film of this 
type called "The Danddion”.* In thu film we sec how a 
danddion grmvs before our eyes. We also sec, and thb is 
most revealing, what happens when the top of a dandelion u 
cut off: more plants arc produced from the decapitated stocks. 

X-ray dn 4 photography b another technique. Tin’s U 
particularly ustful in showing the movements of the internal 
organs of animals. By its means, films have been made to 
sho^v the action of the aim, the movement of the bed, the 
swallowing of food, the pouring of a liquid into the stomach, 
the beating of the heart and the movement of the lungs. 
This technique can also be used for teaching about patho- 
logical cases, but thb will hardly come into a Secondary 
hfodem School course. A superb film of thb type is “Bron- 
chial Tree*’* on the rabbit. The rabbit b caused to breathe a 
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gas which is opaque to X-rays. When the animal is photo- 
graphed in the process of inspiring this gas you can, when 
vie%ving the finished film, observe how the gas enten the 
trachea, the bronchii and the alveoli in turn. You can also 
sec the movement of the lungs and the beating of the heart. 
It is a fint-dass film of German origin. 

There arc also films incorporating cine photoimcrography. 
Using this technique there is a particularly good film show- 
ing the blood corpuscles in the capillaries of the rabbit’s ear.* 
You can compare the shapes and sizes of white and red cor- 
puscles. In film ^-00 can sec how the red corpuscles 
follmv the movement of the general blood stream, srhercas 
the white corpuscles can move of their own accord and can 
carry out scavenging operations in the neighbouring tissue. 
The same land of technique has been used to show the 
flow of the sap in a plant- It is also used in films on crystal- 
lisation. 

By a combination of photomicrography and X-ray tech- 
mques we can develop films of another type. Por example, it 
is possible to have a film showing the action of the teeth in 
chewing. This would show the action of the teeth, their 
articulation and how they actually act on the ibod. Without 
X-ra)^ it would be difficult to sec wbat was happening. 

Films can also be used to show the action of apparatus 
which is dtber too expensive for the school to buy or is in- 
accessible to the children for other reasons. This applies to 
apparatus used in Atomic Physics, such as the functions of 
the c^’clotron or the atomic piles. It also applies to a number 
of other t^'pes of apparatus which the children could t)c led 
to understand by means of a good film. In films of this type 
the action of the apparatus can be made clear by the em- 
ployment of good Vagrams, moving where this is desirable. 
It might also be possible lo show apparatus in sections. This 
%\t 11 be found a useful t)'pc of science film. 

Then again films can be used to show how certain labora- 
tory sldlls can be carried out. These are not intended to be 
mbstitutes for good teaching, but as aids to teaching. There 
is to be a film on microscope slide making.* When this film 
b shown, it should be followed up by demonstrations by the 
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teacher and practical work by the cliildren. It might be pos- 
sible to produce films on such subjects as glassblowing, 
dissection, titration and filtration. 

Another type of film is the astronomical film. A good 
example of this type is one showing the corona of the sun.’ 
Until recently, astronomers had to wait for an eclipse before 
they could photograph the corona and the various solar 
prominences associated with it. However, a certain inventive 
scientist thought of the idea of interposing a black circular 
disk in the sun's rays but in direct line svith the asds of a 
telescope. When the astronomer looked through the tele- 
scope, with tlic requisite colour filters fitted, he was able to 
witness the corona j'ust as well as if there had been an eclipse. 
This method has the advantage that ^”00 are not restricted 
■ by the times and places dictated by a total eclipse of the sun. 
A s'cry fine film’ of the sun has been made in this way. One 
of the prominences to be seen has a very striking resemblance 
to the explosion of an atomic bomb. 

There are some films which use polarised light.* This one 
referred to was produced by the British Railways to show 
stresses and strains in a railway line when subj'ected to pres- 
sure by a train passing over it. The variation in colour in the 
chairs supporting the line may not have much significance 
for an audience composed of children of school age, but it can 
be pointed out that any change in colour of any part shows 
that the plane of that surface has altered relative to another 
surface. 

Schools should be encouraged to maintain sea wafer 
aquaria. In support of the science learnt through carrying 
out this work, it is useful to show films about sea-shore life. 
There arc too few films of this kind, though the subject is of 
fascinating interest. It would be nice if we could have one in 
colour. 

The last type of film I desire to mention is that based on 
moving diagrams. Some of these haw cvcepticnaJ merit. 
The film “Elimination”* is entirely done by moving diagrams 
and the coloured film “Circulation”*® is almost all in the 
form of moving diagrams. These arc both first-class films of 
their type. Another film of this kind which made a deep 
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tapression upon n.e one 

tion of oil. The molecule o o _-. 5 e of the fractionat- 

“1o5r„7jfos^aE:reL„™^^^ 

rt “up ra L"co.uhh. and in and out 
"^^hc^Xtivo merits of sound and f 

discussed. What determines ^ 5 " Xnd „r silent, 

or not is its teaching qual.ty not »he*her it « »t.n 

■ Most of the new films are ““"d itis, or 

regarding these are either “ his own 

to show a mute version in which the teach^p 

commentary, or (which is probably the best way to mo 

sound film in its entire^ and then ^,hout 

convenient to switch off the sound when yo 

any damage being sustained by *;' 2 -^Xl?Se'mind^l” 

drawback from a classroom pomt of v>w “ J 

U that the projector is so heavy to move ' 

place. Another difficulty whtch occurs m schools 

by the usually poor acoustics of classrooms. 

B. Fium Strips 

These can be used in a number 
,0 supplement a film. A film on the °^lS 

would for this purpose have a film strip which 
separate pictures of such items and procBsm 
(external, secdonal and diagrammauc viev«), , . 
Uplying coal; washing of coal gas; extmcuon of ^pbl^| 
extraction of ammonia; the gasholder and the 8 
the gas works. Use could be made of external P''>>'‘> 8 raP ’ 
sectional photographs, diagrams '=^'‘‘"“‘°^Hatethe 

Such a film strip would in its showing help to consobd 
knowledge obtained from the ffims on the producuon o 
A film strip can also be used to show ''“"O'ls staga i ^ 
manufacturing process when a film is not availab e. ^ 
a good film strip which shows the extraction of ni 
the ore. Each stage is shown dearly and dcscnptivc 
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added where necessary.** We could do' with more of thee 
particularly for various processe of chemical manufacture. 

Film strips are useful for showing different types of plant* 
and animals. For example it should be possible to make one 
to illustrate the different kinds of animal life to be found in 
ponds. Such a strip would be an aid to rough identiheathn. 
Other strips may be made of typical insects in the different 
orders; of typical flowering plants of the commoner families; 
of animals likely to be found on a rocky sea-shore; of tree 
leaves and of flower types. In the teaching associated with 
these subjects it would be necessary for the children to 
sec actual specimens and also to collect them tvhen engaged 
in nature study on rambles. 

I should like to see one or two film strips on crystal 
structure: one of these would usefully deal with external 
crystal structure considering the seven styles of architecture. 
The second would deal with the modem interpretation of 
internal crystal structure using X-ray photographs and suit- 
able diagrams. Some of the dii^ams should explain the 
types of equipment used to obtain the X-ray photographs. 

Another type of film strip might deal wjth chemical 
changes. This would be particularly suitable for a process 
involving a number of stages, where each stage could be 
illustrated in turn. 

Yet another type of film strip could show processes of 
evolution. The subjects might range from the evolution of 
birds and reptiles from common ancestors to evolution based 
on man’s improvement in skill such as utilisation of power, in 
which successive parts of the strip might show the progress 
from man power to electrical power. Another of this type 
could well deal ivith the improvement in lighting methods 
from torch light to fluorescent lighting. 

It should be possible for the science teacher to make film 
strips** or if he cannot make such strips he could assemble 
the material and have the strip done professionally. Some 
education authorities help teachers in the making of film 
strips. It is not my purpose to explain how to make a film 
strip, but 1 have given references at the end of the 
chapter.** 
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C. Lantern Slides 

Lantern slides are now made of two sizes, sJ in. by si in. 
and 2 in. by 2 in. There arc advantages and disadvantages 
with either. The larger size is better for detailed reproduct- 
ion, but on the other band it is bulky. With the 2 in. by 2 in. 
you can obtain traasparcnccs of unbreakable material that 
dip together to make a slide.** Between the two transparent 
pieces you can place one 35 mra. cine picture. This tech- 
nique is very useful when pictures are taken with a camera 
using 35 nun. film. Dufay colour and Kodachrome are uselul 
for this type of projection. 

Lantern slides can be made of all kinds of objects and 
material. They have the advantage over the film strip in that 
the order of showing is entirely at the discretion of the 
teacher. 

It is often desirable 10 show diagrams with a lantern. These 
can either be photographed and then printed on the lantern 
slide or else they can be drawn on the slide. The former 
method produces the better slide, but is more eiqseosh’e. In 
the latter method, the operation can be carried out quickly 
and at very little cost. AU you need to do is to give a clean 
slide a thin coating of Canada Balsam. This surface is then 
employed as a base for writing in Indian ink using a fine 
mapping pen. Indian ink of the waterproof variety can be 
obtained in difierent coloun. 

D. Charts 

Charts can be cither bought or made, but there is a sur- 
prising lack of good charts to purchase. A chart that is 
bought** should have bold lines and if coloured, the colours 
should differ suffidently to be seen at the back of the class- 
room. There should not be too much detail obscuring the 
main points. Any labelling ought to be dear and in block 
IcttciT. It is often an advantage to have charts which have 
no labels to obscure the actual diagram or picture. 

There art certain advantages in making charte for teach- 
ing. You only need put in the charts what you wish the 
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children to notice. It is not necessary to make them elaborate; 
in fact it is usually a disadvantage. Simple direct charts are 
fairly quickly made and have a good appeal. 

There is another type of chart which should be mentioned 
in connection with the science teaching. This is the chart 
which opens out to show the interior of something. It has 
been done for the human body, for the locomotive, for the 
motor car and for internal combustion engines of various 
kinds. Such a chart should be a supplement to the actual 
article where possible. In school this could not fully apply to 
some charts such as an anatomical one of the human body. 
In this case a good dissectable model would be useful. 

£. Models 

Models arc used a great deal in science teaching. Those 
which are bought are usually expensive. Many models, 
particularly biological ones, are now made in new synthedc 
materials such as perspex. It is possible to buy many first- 
class modeb, but at a high price. There are ways of making 
models both temporary and permanent.** Such materials 
as plasticine, papier m&chi, glass-rod and cellophane will 
be found most useful. By ingenuity teachers can make all 
kinds of modeb to help in their work. Some industrial hrms 
will provide models of their equipment either on loan or as 
gifts. Many biological modeb can be loaned from museums. 

F. Pictures 

This subject has been considered in Chapter 5 fairly fully. 
Pictures are useful in teaeWng in various ways. 

It b good to have pictures on the walls of the science 
room, but they should not be left there too long. However, 
good pictures may be, if tlicy arc left too long on the svalb 
they become part of the wall and their educational value 
drops considerably. In addition to this, they get dirty. 

I like to see a certain number of hbtorical pictures placed 
on the walb of science rooms from time to time. Schools can* 
not imitate the Royal Irutitution by having actual apparatus 
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used by famous chemists. TYc can, however, provide good 
pictures of the great sdentists and of some of the apparatus 
they used. 


G. Set Pieces or Apparati/s 

This is a particularly important part of the services 
rendered by the sdence d^artmenL Set pieces of apparatus 
demand three things. There must be enough space to set 
them out. In many schools there is a great shortage of room, 
which really cramps the work of the school as a whole, 
including the work in sdence. There is often insuffident 
room for the storage of materials such as notebooks, text- 
books, chemicals and general apparatus, so that the prospects 
of having set pieces of apparatus often seem remote. How- 
ever, in new schools which arc being built, the matter of set 
pieces of apparatus b bdng considered and room b being 
allowed. Thb b considered in the next chapter. 

The second requirement is that of the teachers’ skill, 
ingenuity and time. "Without the teacher taking hb full part 
there cannot be an adequate supply of fixed pieces of appara* 
tus. He must be prepared to ^end time out of the prescribed 
school houn in order to set op the t>’pc3 of apparatus 1 am 
about to describe. 

The third requirement b that of materiaU. Not only must 
there be prowion to buy matcriab from the usual laboratory 
suppliers, but there must also be a means of getting second- 
hand matcriab from junk stores and scrap yards. There b 
no limit to the ingenuity a teacher can show in getting the 
basic eqmpment to bmld up these set pieces of apparatus. 

I will now make suggestions with regard to the types of 
apparatus which can set up as visual aids. Other types of 
apparatus are considered in chapter 7 . For the sake of con- 
venience ict me choose examples from the subjects Astro- 
nomy, Ph^dcs, Chcnustry, Biology and Geology in turn. 

In Astronomy, the ob^ous subjects which suggest them- 
selves are a simple orrery and an apparatus for demonstrat- 
ing eclipses of the sun and moon. An orrery to show the move- 
ment of the planets round the sun and the moon round the 
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earth can be made from scrap metal and wooden parts. The 
arrangements for moving these representational objects need 
not be accurate so long as they convey the ideas of planetary 
motion. Apparatus for showing edipses is simpler in that you 
only deal with tliree representational objects, the sun, the 
earth and the moon. In this case you need a simple light 
source such as an electric lamp. 

Physics occupies a much more important place in the 
curriculum than astronomy and consequendy more set 
pieces of apparatus arc demanded. 1 will suggest certain 
types and prowde references where possible. Under the 
subject of heat we might have a model of the hot water 
system in a liouse (see drawing, fig. 25) and a sectional model 
of a coal mine to illustrate the principles of convection which 
arc essential to maintain good ventilation. Wc might have 
a scries of models to show different kinds of heat sources 
such as wood, coal, coal gas, electricity and of course, the 
sun. 

Light can be illustrated by a piece of apparatus producing 
a rainbow, Dght-ray apparatus involving reflection at plane, 
convex and concave surfaces and refraction through water 
and different types of lenses; and a series of exhibits showing 
the evolution of lighting. ‘ITiis latter can be elaborated 
according to the room available. It should show such stages 
as tlie rush light, the candle, the oil lamp, the gas light, 
electric lighting and fluorescent Kgliting. There are all Idnds 
of applications which might be included sucli as different 
forms of electric lighting in the home, stage-lighting, the 
making of an electric lamp, street lighting and industrial 
lighting.” 

Sound suggests apparatus to denote nodes and intemodcs 
in tubes and along wires, 3t should be possible to set up some 
exhibits to show how musical instruments work. 

Mechanics offers much sct^jc for set pieces of apparatus. 
An old bicycle rear wlieel with three-speed hub may be set 
up. It may be helpful to cut part of the hub aivay to show the 
action of the different gears. A motor cycle engine could be 
displayed with parts cut away to show sections. Various 
pulley systems can be set up to show their advantages. A 
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cycle pump could be arranged to show the amount of weight 
required to compress air by say one-half. A model water 
supply works would be of v^ue to show methods of filtradon 
and purification and to illustrate the law that water finds its 
own lev'el- Pressures in a raihvay bridge could be illustrated 
in the wayshoim in the diagram (fig. 31). An iJlustration of 



Fig. 31. Diagrammatic. 


Bramah’s press might be set up. Model steam engines with 
boilers would be of interest. If one could be of the horizontal 
type and another of the upright type and if one were driving 
a dynamo, these would be of very sound educational value. 

Properties of matter could be ^ustrated in various ^vays- 
A machine may be constructed to illustrate the differences 
in the friction betivcen such surfaces as glass and glass, steel 
and steel and oak and oak (smooth surfaces). 

Magnedsra and electricity offer a good deal of scope. A 
model of the household sviiiug system is a very popular model 
though to be realistic it should have a meter, fuses and plug 
sockets as w'cll as lighting points. This can be run off the 
12 volt A.C. supply. See photograph, Plate III, facing page 
201. This model is intended to operate from the mains. Apiece 
of apparatus to show why electricity is transported by high 
tension cables should be set up (see fig. 32). Apparatus can 
be fitted up to show how electric signs svork, including how 
bell and indicator systems arc fitted. AnoAer type of set 
apparatus might illustrate the earth’s magnetism. This 
could be done by having a magnet fitted in a geographical 
globe. On the outside of thw could be fitted small compass 
needles. 

A wireless set svith all wiring and components visible may 
be fixed on the wall. Underneath the set should be a sheet of 
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set should work cffec- I 

lively. 

Chmistry docs not I .“.iS”'"" 

offer quite the scope I I I 

that Physics docs, j { { 

There may be exam- j i j 

pics of crystal stnic • j } it 

ture; atomic models; j j 

a set of the products ' 
produced from coal. 

A complete unit on \\ 

coal and its products 
would be of great Vv' 

interest. This should 'A. 

have a model gas 

works, a diagram of ti»,Ac 

the working system 
and the products just 

mentioned. By com- 2*' 

parison why not have a model of an oil refinery wth a 

diagram and samples of its products?” 

Biology has a great deal to offer in this line in tlie way of 
plants and anin7als. A schod should build up an herbarium 
which can be consulted by ardent pupils, The plants should 
be correctly mounted** and arranged systematically. There 
should be a collection of insects** carefully set out. I place a 


great deal of importance on things being done properly 
in school; badly pressed plants and mutilated insects pinned 
in a haphazard manner have no educational s’alue. The 
school will gradually accumulate specimens of other kinds 
such as sea-weeds, sea-shells, and mosses. Ako as permanent 
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features, there should be aquaria of various Unds, including 
at least one sea-water aquarium*® {see fig. 19). A tropical 
aquarium would also be of value. The latter should in- 
corporate a thermostat. 

Geology is a subject which is seldom included in the school 
curriculum. It has its value, but a dose alliance with geo- 
graphy and a clinging to traditional subjects has tended to 
keep it out of schools as a sdcnce. This is a subject which 
offers some scope for section models of rock strata. A good 
model for the district in which the school happens to be is a 
useful permanent reminder of local geology. 

H. Microprojector 

This is a useful visual aid in the leaclung of biology. 
Suggestions for the making of a microprojcctor arc given in 
chapter seven, section B (1). With this apparatus not only 
can prepared slides be shown, but also small living sped- 
snens. It is a particularly useful piece of apparatus for 
illustrating pond life, though a microprojector which can be 
used in a vertical fiosition (see fig. 33) is preferable for this 
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t}Ti« of work. W/ien the microprojcctor is in this position, the 
stage is horizontal and consequently watch glasses and Petri 
dishes containing pond life can be placed on it. This is found 
to be a very useful teaching lud. 

The great advantage which a microprojcctor has over 
microscopes for most secondary modem school children is 
that Tvith a xmcroprojcctot used for projection you can point 



Fig. 34. Use of the Microprojcctor as an aid to Drawing. 

out exactly what you want them to sec. With microscope 
work it is by no means cattan that the children see what you 
wish them to see. In addition, if the number of microscopes 
is limited to two or three as might well be the case, and you 
wish all the children to look at paramccia, there is likely to 
be much time wasted while the children are queuing to look 
through microscopes. 

The microprojcctor can also be used for draiving purposes 
(see fig. 34). This is a great aid when an accurate drasving of 
say the transverse section of a buttercup root is desired. 

In this chapter, I have indicated a number of vbual aids 
whicli can be usrfully employed in the teaching of science 
in the Secondary Modem School. The subject has been by 
no means exhausted, but I hope I have suggested useful 
methods and lines of devclopmwit. 
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A. Films. 


I. Background. 

3, can films do particularly well? 


B. Film strips. 

C. Lantern Slides. 


D. Qiarts. 

E. Models. 


F. Pictures. 

G. Set pieces of apparatus. 

H. The Microprojector. 


Reeerehoes (Chapter Twelve) 

I Film: “Nagana". t6 mm. sound in colour, 

African Scientific Uaison Office, 39 Pnnccs Gate, 

Road, London, S.W.y. Free. j p p n Free 

* Film: ‘•'Hie Microscope . 16 imn. Jjarge. 

* Film: “The Dandelion”. »6inm. 

* Film: “The Bronchial Tree”. j6 mm. silent. oriy 

through the Physiological Society, c/o Professor McDowaU, 
King’s College, London. . . .c «iVnt 

» Film: “The Microscopy of the Circulation . 16 j. 

in colour. AvaUable from Professor Florey, The University 

■•Microscop. Slide Making". To be made by Realbt 
Film Unit Ltd. 

» Film showing the corona of the sun. 16 mm. silent, l ’ 

This film is the property of the Royal Astronomical Society 
is loaned only to Fellows of that Society at the rate of los. per 

*^Sn^wa5 made at the High Altitude Observatory of Harvard 
University under the direction of Professor H. F. Meiucl. i 
shows the movements (much speeded up) of solar prommcnc 
with an explanatory tide before each series of shots. 
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The film was taken through a coronagraph using a special 
narrow band pass polaiising filter (this is a special filter d«'cloped 
and designed by Lyot for this particular work). 

This film really needs showing by someone who knows some- 
thing about it as no description or “explanation" of prominences 
is given and there arc many other points which really need 
bringing out; for example to explain what the coronagraph is and 
why it was developed. 

• Film using polarised light. i6 mm. silent in colour. British 
Railways. 

* Film: "Elimination". i6 mm. sound. G.B. Loan charge. 

Film; "Circulation”, i6 mm. sound (coloured). G.B. Loan 
charge. 

'' Film strip on Extraction of Nickel. Obtainable from^Mond 
Nickel Co., Ltd., Grosvenor House, Park Lane, London, 
S.W.r. 

** Falconer (V.M.). Film Strips (McGraw Hill). 

Dodge and Tihomion, Film Strip do't and dcix'ts (Canval). 

Hill, C. A., Film Strip Projeetien (Fountain Press), 

Kidd and Long, Film Strip anJSlidt Projeetien (Pitman). 

*• Transparencies for clipping t^cther to get a in. by a in. 
lantern tildes made by Gnome. Obtainable from photographic 
dealers. 

** W. &. A. K, Johnston, Plant Biology Charts. 

University of London Press, Biological Drawings. 

G.D.I. ^Vall Ch.arls (G.B. Equipments Ltd., Imperial House, 
80-82 Regent Street, London, W.!): Sewage; l^'orId Fishing; 
The Turbo-Jet. 

T. Gerra^ & Co. Ltd., 46a & 48 Pcntonville Road, London, 
N.i: Health and Sex Education Diagrams; Biological Blackboard 
Diagrams (Sidgwick & Jackson). 

Flatters & Garnett Ltd., 309 Oxford Road, Manchester, 13: 
The "A.L.'’ Educational Series on Elementary Physiology. 

Macmillan: Practical Zoological Illustrations by Lock)‘er and 
Crofts. 

** Biological Models and Laharalary Afparelui, by R. D. W, 
Brittain (John Murray). 

Seitnet Masters' Books (John Murray). 

** Publicatiom of the Sdcncc Museum, South Kensington. 
See book list, chapter l \. 

*» R. F. Goldstein, The PetroUsm ChmieaU Industry (E. & 

F. N. Spon, Ltd). 



210 SCIENCE TEACHING IN SECONDARY MODERN SCHOOLS 

Scime Masters' Book Qohn Murray). 

Preservation of Plants and Ferns (Routledgc). 

'•See publications of Amateur Entomologists' Society, 167 
Gunnersbury Park, London, W.5. See chapter ti. 

Also C. D. Duncan & G. PickwcU, The U'orld of Insects. 

*® Sec the author's article on “Marine Aquaria for Schools”, 
School Xature Study Journaf, No. 175, Vol. 44, April, 1949. 

Scientific Film Catalogues 

Association of Scientific Workers: 

Graded List of Scientific Films. 1945. (Temple Fortune Press, 
Herbal Hill, London, E.C.I.) 

Scientific Film Association: 

Catalogue of Films of General Seientife Interest. (Aslib, 52 Blooms- 
bury Street, London, W.C.t.) 1946. 

Films on Metals. (Aslib, 52 Bloomsbury Sirect, London, W.Cli.) 
»W9- 

AsOREVtATIONS AND UsCfUL ADDRESSES 

British Gas Council, 

Gas Industry House, 

1 Crosvenor Place, 

London, S.W.i. 

British Film Institute, 

4 Great Russell Street, 

London, W,C.i, 

British Instructional Films, 

T I s Wardour Street, 

London, W.i. 

Central Council for Health Education, 
TavKtock House, 

Tavutock Square, 

London, W.C.I. 

Central Office of Information. 

Central Film Library, 

Government Building, 

Bromyard Avenue, 

London, \V.3. 


BGC 

BFI 

BI 

CCHE 

COI 
or CFL 
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Crookes 

TBc Crookes Laboratories, 

Gont Road, 

Park RoyaJ, 

London, N.W.io. 

DH 

I> 3 rtinston Hall Fi}m Unit, 

Totnes, 

Devon. 

EGS 

Educational and Genera] Services, 

1 Aintree Road, 

Peri vale, 

Middlesex. 

GB 

Gaumont BriUsh Equipments, 

Mortimer House, 

3J-‘4c Moctimec Street, 

London, W.i. 

ICI 

Imperial Chemical Industries, 

^Iton House, 

Cufzon Street, 

London, VV.i. 

ICI 

(Dyestufis) 

Imperial Chemical Industries fDyestuHi), 
Hexagon House, 

Blackley, 

Manchester. 

llsc 

Dr Dora Use, 

Ph*)‘stoIogy Department, 

TTte Univetsity, 

Birmingham. 

Metrovick 

Metropolitan Vickew, 

TrafTord Park, 

Manchester. 

^ficrochcrtijcal 

Oub 

Microchcmicai Qub, 

c/o National Phyacid Laboratory, 
Teddington, 

Middlesex. 
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Mond Mond Nicket Co. Ltd., 

Sundcfland House, 

Curzon Street, 

London, W.i, 

NFL 

National Film library, 

4 Great Russell Street, 

London, W.r. 

PFB 

Petroleum FUtm Bureau, 

29 New Bond Street, 

London, W.i. 

Kodak 

Kodak Ltd., 

6t Kingsway, 

London, W.C.2. 

(not distributon) 

Crosslcy 

Crossley Brothers, Ltd., 

Openshaw, 

Manchester, it. 

DSIR 

Department of Sdentific and Industrial 

Research, 

Rex House, 

Lower Regent Street, 

London, S.W.i. 

SCFL 

Scottish Central Film Library, 

16-17 Woodside Terrace, 

Charing Cross, 

Glasgow, C.3. 

SFA 

Scientific Film Association, 

4 Great Russell Street, 

London, IKCr. 

ShdlFU 

Shell Film Unit, 

Shell-NIcx House, 

■Victoria Embanloacnt, 

London, 'W.C.a. 
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WE A 

WFA 

WH 


Workcn’ Educational Association, 
38a St George’s Drive, 

London, S.W.f. 

Workers* Rim Association, 

99 LiCman Street, 

London, W.i. 

^VaUace Heaton, 

127 New Bond Street, 

London, W.i. 



CBAFTER THIRTEEN 


THE SCIENCE LABORATORY 
AND ITS EQUIPMENT 

As with chapter 7, I wotild refer teachers to the booh. 
The Teaehing of Science in Secoada^ Sckosls, chapter 3 (John 
Murray) Ibr much useful mfonnation on the sulyect of 
laboratories and thdr equipment. My purpose here is to 
consider special points as they apply to the Secondary 
Modem School, though first I wish to say something about 
the planning of laboratories in new* schools. 

On page 16 of the book just referred to, we arc told, “In 
the ideal case the internal arrangements of science rootns 
would be desired first, and the walls subsequently arranged 
to suit them. Because this process is almost invariably 
reversed, and also because the men who will have to work in 
the laboratories are seldom consulted before plans are draws, 
few really satisfactory science blocks exist”. Now that »me 
authorities arc beginning to employ a Science Adviser on 
their stafis, this danger is, under these authorities, last dis- 
appearing. He is experienced notonly in science tcadiing, but 
also in laboxator)' planning. IVhcre the Science Adviser 
works in close co-operation with the Architects, the best 
arrangements arc made, for witlun reason he asks for what is 
required and these points arc incorporated in the plan. The 
Sdcncc Adviser is usually better experienced in the matter of 
science laboratories than individual teachers for a number of 
reasons. 

He sees man)' school laboratories and learns about their 
faults. He see maticn fixon difierent an^e, whereas the 
science teacher is naturally biassed according to his own 
point of view. Such matters as the financial limit, the relation 
of the laboratories to the building plan of the whole school 
and the problems connected with labour and materials arc 
often oveziooked by the teacher concerned. 

I wish to consider lour ijP® of science room problems. 
They will be dealt with in tins order; 
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I- The old Secondary ^j^em School in which a class- 
room has to serve for Science. 

2. The school in which there is a laboratory already in 
edstence of an old type. 

3. The new school with one laboratory. 

4. The new school with two laboratories. 


A. The Old Secondary Modern School in which 
A Classroom has to serve for Science 

Teachers who work in the school and have to teach 
science in an ordinary classroom have a difficult problem, 
yet in many of them do good science. It is particularly im- 
portant under such conditions that teachers should have a 
syllabus wliich can be carried out in spite of circumstances. 
A teacher faced with these conditions should as always make 
the best of it. What has the room to offer to help with the 
teaching of sdcnce? Is it the best room in the school for tlie 
purpose? If it is not the best room, then it is possible that the 
Head Teacher might be influenced to allow the best room 
to be used for sdcnce. This is where the help of the Sdence 
Adviser is useful. If even the best room is dark, can it be 
made any lighter? It may be possible to have additional 
windows put in or it may help if the walls arc painted a 
lighter colour. 

What about the work benches? Tljc school may only have 
scholars’ tables and chairs. In lliat case it is desirable to get 
portable benches X2 ft. by 3 ft. by 3 ft. high for the furnishing 
of the room. If you reckon four pupils to a bench that will 
work out at 8 benches for a class of 30 which should be an 
absolute maximum for a practical class in sdcnce (though 
personally I think 20 should be the maximum). 

The next important point is the question of water supply 
It is, of couisc, desirable that a science room should have a 
water supply. At least one rink should be fitted with a 
laboratory water tap (ordinary taps of the household variety 
are unsuitable). TIic most dcrirable arrangement is to have 
fixed rvall benches ivith sinks, about six to the room, each 
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mth ^v^ter taps. If one could have both hot and cold water 
that would be an advantage for washing apparatus. 

Gas supply is also important. There should not only be 
two-way gas points on the side benches, but means whereby 
the portable benches can obtain a gas supply. This is best 
done from points on the floor with a flexible tube to a gas 
tube on the leg of the bench (see fig. 35). Details regarding 
portable benches will be given later. A two-way gas tap on 
each bench should be sufficient. 



Electricity should also be available botli as mains supply 
and low tension supply, though only low tension supply 
should usually be available for the children, except perhaps 
in the case of microscope lamps. 

If a platfonn can be fixed for a teachers* demonstration 
bench that will be a conriderable help, because when the 
teacher carries out a demonstration it should be visible 
clearly to all the children at the same time. 

Behind the demonstration bench there ought to be a good 
blackboard, preferably one of the roller type. Boards and 
and other portable blackboards arc out of place in a 
sdence room. 
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Another important matter is that of storage room. Very 
often the school which is so old fashioned as to have no 
science laboratory is also short of storage rooms, iviih the 
result that all llie science equipment may have to be stored 
in the practical room itself. Tins is unfortunate, because it 
means that there have to be wall cupboards wliicJj not only 
take up door space, but also wall space, which is so important 
in a science room. 

Walls arc useful not only for fixing wall benches and 
shelves to, but also for charts and certain experiments and 
pieces of apparatus. For example, e-xperiments using pulleys 
can well be fixed on the wall. Fortin's barometer, the still, 
and a model wireless set should be fitted to walls. The more 
the walls are used, tiie more the other parts of the laboratory 
can be used. 

Another useful piece of laboratory furniture is a mech- 
anic’s beam. Thb can conveniently be of this section X 
and should be fitted trith holes at about i foot intervals to 
take strong hooks. From these hooks, pulley systems, a wheel 
and axle, and an apparatus for Young's modulus can be 
fitted. The beam siiouid be about 8 H. high so that it is clear 
of heads yet not too high for apparatus to be fitted. It can 
usefully extend the whole length of the science room. 

In all laboratories (here should be either waste boxes or 
bins svith lids for solid matter such as filter papen, soiled 
marble, dissected frogs, remains of plants and so on. It is 
most imponant to train children not to put solid material 
down the drains — something which is easily done, especially 
after filtering or soil experiments or dissections of plants and 
animials. Because waste pipes arc likely to get blocked up, it 
is desirable that stoppages should be easily dealt with. When 
the drainage system of a laboratory is designed, care should 
be taken that conduits can easily be examined. 

B. The School in which there is Already in 
Existence a Laboratory op the Old Type 

There arc not many secondary modern schools of this type 
for two reasons. Either die Secondary Modem School ii one 
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of the all-agc schools wliich have been converted into a 
Secondary Modern School and did not possess a laboratory 
at all, or it is a new building altogether. The few exeyuom 
are schools which were central scliools and wluch under the 
Education Act 1944 have become Secondary Modem 
Schools. Most of these centra! schools had science labora- 

In tiicsc laboratories the benches were usually feed. In 
schools where there -was both a physics and a chemuip^ 
laboratory you generally had the following ine 

phracs laboratory was the pleasanter room largely became 
it did not suffer from the deleterious effects of chemicals. In 
this room there were a number of fixed tables fitted wit gm 
points. There would be one or two sinks in the room and, 
very rarely, lo>v power electrical points fitted along the walls. 

The chemistry laboratory would certainly contain fume 
cupboards, often inefndent. The benches would have * 
for reagent bottles and would have quite a large number ol 
sinks, tvater taps and gas points. There would probably not 
be any low voltage electric points. 

Qpite often there would be a lecture room %vith long aesM 
raised upon tiers, and in the better-built schools there wou 
be preparation rooms and store rooms. 

Teachers in buildings wlh these amenities arc more for- 
tunate than their colleagues in the schools without labora- 
tories. 'With very HiUc expense these rooms can be made 
serviceable for the modem teaching of science in Secondary 
Modem Schools. May I make the following suggesUons? 

The chemistry laboratory should become the biology an 
chemistry laboratory. Reagents should be removed from the 
benches so that all chemicab are in the direct control of the 
teacher. I do not recommend teaching much chemistry m 
the main course. As I indicated in chapter 2, there b a place 
for chemistry in the spedal courses if a school can offer them. 
Fume cupboards can be left because they are useful at times, 
but they should be made effident. If necessary they can be 
fitted with an extractor fan. The large number of sinks and 
taps will be found most useful for the supply of water and the 
dispo^tVi^niiquids in biology. If there arc no side benches, 
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it would be well to haw these fitted because they arc very 
useful for aquaria, vivaria and long-term experiments such 
as those concerned with plant growth. The walls should be 
fitted ^vith flat wooden rails for attaching charts. Tim room 
iNTJuld appear to be tlie best room for the still since not only 
is there a good 'water supply, but there arc adequate drainage 
points and also it is in this laboratorj’ where most distilled 
water will be used. 

Tlicre should be one or two good storage boxes so that 
large animals for dissection can he kept in formalin prior 
to and during use. These containers should be about 3 ft. 
by 3 ft. by 2 ft. deep, made of strong wood, lined urith zinc, 
and fitted with a lunged wooden lid. The lid should have 
zinc on ilie underside to protect the wood from formaldehyde 
vapour, A zinc mesh tray should hook on (0 the sides so that 
specimens can easily be lowered into or lifted out of the 
container.’ 

The physics laboratory can under the new system still be 
used for physics. I would suggest that it is fitted with dark 
blinds which slide in grooves. These are quite efficient and if 
the windows open outwards, there can be adequate ventila- 
tion when the room is blacked-out. The room needs to be 
blackcd-out for experiments on light and when using such 
visual aids ns the epidiascope and strip projector. If it is 
not convenient to provide dark blinds for the other labora- 
tory, I ivould suggest (hat the microprojcctor is used in this 
physics laboratory. 

Some windoNVs have rather elaborate winding mechanisms 
for opening them. These present difficulties when providing 
blackout. With such windows it may be necessary to have 
curtains, though blinds would be preferable. In a laboratory 
tlicre is alway’S the danger with curtains that they will blow 
about and knock over pieces of apparatus. If necessary the 
elaborate opening mcchaiusm for the windows should be 
taken off and a siiniplcr system fitted (see fig, 36). 

A low voltage supply should be fitted in this laboratory. 
Details of an ^cient system are given later in this chapter. 

This is the better laboratory of the two in wliich to fix a 
screen. The best position is usually by the blackboard. It 
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may be a screen supplied by a firm dealing in such things, or 
consist of a matt while surface on the wall by the side of the 
blackboard. For general use a matt white screen is better 
than either an aluminium one pr a beaded screen. Although 
a beaded screen gives a brilliant picture it is very directional 
so that any children to the side of it tvill tend to see rather a 
dim image. 



C. The New School with One Laboratory 

Many new Secondary Modem Schoob will have only one 
general purpose laboratory. This will have to serve for both 
theoretical and practical tvork. It will also have to serve for 
all aspects of the general science work. Whether any special 
science courses can also be run is rather doubtful under these 
conditions. 

On pages 221 to 230 I have included scale drawings of a 
laboratory being incorporated in a school actually being 
built (figs. 37 to 46). It is worth some study. As a rule such 
laboratories arc based on certain conclusions regarding the 
type of syllabus to be undertaken in such a school. A major 
consideration is that the subject matter will comprise physics 
and biology mainly svirh only a small amount of chemistry. 
In vie^v of this there should be the following provisions 
made. 
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The demonstration bench should be such that when the 
science teacher is carrying out an experiment, all the children 
in the clsus are able to see what he is doing. This means 
that not only must the bench be in a good position spatially, 
but also it should be well Ut. There should be no windo^vs 
beliind the demonstration bench, because they tend to cause 
distraction. Overhead windows above the demonstration 
bench give good lighting, 
but may cause excessive 
heat and light in summer 
unless they can be covered 
with white blinds. There 
should be good electric 
lighting for the times when 
it is needed. Aluminium 
reflectors of the typeshown 
in the drawing (fig. 47) 
have been found to be very 
effidenl.Theygivenotonly 
direct lighting, but also 
indirect lighting from the 
ceiling, which should be 
white. The demonstration 
bench should be about 3 ft. tvide and 18 ft. long and about 
3 ft. high. It should have a polished leak top and be fitted 
with two a-way gas points at the edge nearer to the class. If 
these can be controlled by taps under the lip of the bench 
near to the teacher so much the belter. It is desirable to have 
a white acid resistant porcelain sink at one end of the bench 
(preferably the right hand) and this should have three water 
taps. It is useful to have a cold tap with an outlet high enough 
to get a ^Vinchcstc^ bottle under it, Tlicrc should also be 
another cold svatcr tap that can have a metal water pump 
fitted to it and in addition a hot water tap. The hot water 
tap will be found very useful not only for svashing apparatus, 
but also in a number of eaqieriments where hot water is 
required. 

It is also useful to have a drainage point, whicii can be 
covered so as not to interfere with the general surface of the 
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bench, m the middle of the bench towards the front (i.e. 
the nearer pan to the class). 

At the left-hand end of the bench it is desirable to have 
electric power points, mains and low tension both D.C. and 
A.C. 

Behind the demonstration bench should be fitted a black- 
board, preferably a roller type or a folding type. By the side 
of the blackboard it will be useful to have a screen. 

The minimum size of a science laboratory as laid down by 
the Ministry of Education is one Isaving a floor space of 
960 sq. feet. Like many minima of this kind, it lends to 
become a maximum. 

Where a school only has one laboratory there is a great 
de^ to be said for having movable benches in the centre and 
fixed benches at the sides. Gas can be supplied to the movable 
benches via gas taps in the floor in sunken recesses fitted with 
wooden covers. The connection to the bench can be to the 
nozzle at the end of the pipe on the side of the leg of the 
bench. This pipe in turn communicates with 2-way gas laps 
on the benches (see fig. 35.) 

The side benches should have an adequate supply of 
sinks and taps, and of gas points. Low voltage supply both 
A.C, and D.C. can be supplied to the side fixed benches. 
There can also be an arrangement whereby the movable 
benches can be supplied with low voltage supply. This can 
either be done from the ceiling by means of flexible electric 
wires or from the floor plugs in recesses fitted with covers. 
Main electricity points may be fitted to the side benches, but 
they should be a safety type so that there is no danger of 
children getting electric shocks. 

There should be adequate storage place for apparatus in 
general use. This can consist of cupboards and drawers under 
the benches and wall cupboards. Apparatus and materials 
not oflen used can be kept in the preparation room. If there 
are sets of apparatus in the cupboards and drawers in the 
benches for use of the children, such sets should be inspected 
frequently, at least once a month, to make sure they are kept 
in a serviceable condition and also to sec that drawere and 
cupboards are kept tidy. 
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It is a convenience to have a supply of reagents on shelve^ 
in a cupboard behind the demonstration bench. This will be 
found to be very useful wlicn demonstrations are carried out. 
It is desirable that no chemicab arc kept on open shelves, 
particularly if the laboratory has to be used as a dassroom. 

. Shelves can be fitted to the svalls at about 7 ft. from the 
ground for demonstration apparatus as a temporary measure. 
The normal place for such is the store room, but there arc 
many occasions wlien it b good for children to have more 
than one opportunity of seeing a piece of apparatus. 

It should be possible to blade out the room quickly, 
preferably by means of blinds in slott And it is also helpful if 
the laboratory lighting can be controlled by one switch near 
svhcrc the projector is likely to oc used. This makes it possible 
for the teacher to sho'v say a picture from a film strip and 
then to switch on the lights $0 that the children can make 
notes or a drawing. 

Tumc cupboards are not usually necessary for general 
science unless it is desired to includea fair amount of work on 
the chemistry of metals. If there b no fume cupboard, it b 
desirable to have a hooded vent tube with an extractor fbn in 
case the teacher w'tshes to demonstrate an experiment in 
widch objectionable fumes arc given off. This is sddom ncces* 
sar>' in a secondar)' modern school science course. 

Special fittings like the sUIl, oven, Low Tension electricity 
supply and thermostat are considered later in the chapter. 

D. The New School with Two Laboratorjes 

A plan is given in fig. 48. These arc details of an actual 
school to be erected. When there arc tw’O laboratories one 
can be used for physics and the other for biology. The general 
difference is that some of the benches in the physics labora- 
tory arc movable whereas those in the Biology' laboratory are 
fixed. It is an advantage to have movable benches in the 
Pliysics laboratory because of the nature of apparatus used in 
such a place. For example, if it is possible to get hold of an 
old motor car engine and dbmantle it, plenty of space is 
essential. Benches can be arranged in a cirde and while some 
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boys dismantle the engine in the centre, boys in die ring of 
benches can look at the parts. For some light ray ejcperiments 
it may be found that one bench is too short, whereas two 
benches end-on meet the need very well. "SViih pulley 
arrangements fitted to overhead girdeis, it is often desirable 
to have a good clear space. If a Foucault's pendulum is 
suspended from a girder, it is necessary to trace the path of 
the pendulum bob across lines on the floor. 

The advantage of having fixed benches in the Biology 
laboratory is that these benches can be fitted with sinks which 
are very useful in sucli a laboratory. TJicre is no need to have 
mobile benches in this type of laboratory. 

Most otiicr points regar^ng the difTcrcnces between these 
two laboratories have been considered earlier in this chapter. 
It would be advantageous to have both rooms svith windows 
fitted with' blinds so that they can be blacked out when neces- 
sary. There will possibly be occasions when a demonstration 
tvith the microprojcctor is required in the biology laboratory 
at the same time that light experiments are being carried out 
in tlie physics laborator)'. 

E. Preparation and Storage Rooms 

Ideally tlicrc sliould be a preparation and storage room 
for each laboratory. It is pity to clutter up a preparation 
room witli stored apparatus and ciiemicals. The preparation 
room as the name implies should be there for the purpose of 
getting e.\pcriments ready. Such a room should be fitted \vith 
a big sink (30 ins. by 18 ins.) with tivo taps for hot and cold 
water respectively and drainage pegs on a board. This may 
be the best place for a glassblowing bench and the corres- 
ponding equipment. 

Such a room requires good bench space for setting up 
apparatus. Other real needs arc big cupboards about 2 ft. 
deep with adjustable shelves. In these cupboards, set pieces 
of apparatus can be stored. Tlie room should be weft lighted 
both by rvindows and electric lights. It is also desirable^ to 
have plug sockets for mains current and Low Tension 
terminals. 
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\V'hcthcr the wood- and metal-work benches arc in here 
or in the laboratory will depend on drcumstanccs. It should 
be remembered that the preparation room is essentially for 
the sdcnce teacher, whereas it is probably desirable that 
older children should have access to the wood-work and 
metai-work benches in the ancnce dqjartmcnt. Since ibis is 
so, it is probably best to ha\’c the benches in the laboratory, 
together with appropriate tools and materials. 

The storage room should lead off from the preparation 
room. Normally it is kept locked. In this room should be 
stored all apparatus not in general me. ^Vhcreas set pieces of 
apparatus are stored in the preparation room, component 
items like beaters, flasks, corks, I-R. tubing, wire gauze, 
test tubes, specimen tubo, tripodJ, retort stands and so 
forth arc kept in the storage room. 'Diesc are surplus to the 
sets in the bCTch cupboards. 

Chemicals should also be stored in this room. Strong open 
shelves axe all right for this purpose ptmided the store room 
is kept locked. It is desirable that the shelves be such that 
they take only one row of bottles, but since the diameters of 
bottles vary so much it may be desirable either to have 
shelves becoming narrower from the floor upwards or to have 
sets of shelv-es of different widths. The former course may be 
the one to be adopted. kVinchesters fiiU of liquids or solids 
should alwa^T be kept on the lower shelves and it ought to 
be a firm rule that bottles containing concentrated adds and 
ammonia arc kept on the bottona shcl\'c3 near to the floor. 

ISlib r^ard to the storage of chemicals, it should also be 
a rule that no solids are kept in paper bags; they should either 
be kept in vndc-mouthed bottles or in stoneware jars fitted 
with tight String stoneware lids. Care ought to be taken that 
deliquescent soKds are kept in well-corked or glass-stoppered 
wide-necked bottles. 

It is best to store glass tubing horizontally. Long shelves 
arc desirable with vertical wooden or steel pillars at the front 
to prevent the glass tubing falling off There should be trays 
of about 3 ft. b)* 2 ft. with ledges round the perimeters for the 
purpose of carTjdng apparatus to and from the laboratory. 

It is desirable to store diagnuns and charts fiat in shallow 
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drawers. There should be some system of indexing so that a 
chart can be easily located. 

The store room should be so arranged that things can be 
quickly found. At the end of each shelf with chemicals place 
a list giving the contents in order from left to right Appara- 
tus of the same type is best kept together, c.g, beakers, flasks, 
test tubes, Bunsen burners. It is desirable to have special 
parts of the store room for special apparatus appertaining to 
physics, e.g, lenses, light-ray apparatus, galvanometers, volt- 
meters, ammeters, svireless parts, calorimeters, magnets, 
sonometers and so on. There should be another section for 
biological apparatus such as aquaria, vivaria, dissecting 
instruments, biological models and specimens. Chemistry 
should also have its niche for spedal apparatus on flame, 
experiments on air, voltameters and so on. 

F. Balance Room 

There is not the same need for a balance room in a 
Secondary Modem School as there is in a Grammar School. 
The school will also be fortunate if it has a room available 
for tWs purpose. There are certain advantages in such a 
room. Not only can it be used for a balance room, but also 
for a room for quiet reading, and for housing the science 
class library. 

Balances are always best kept out of laboratories unless 
they are for rough weighing. In the laboratories tliey lend 
to get dirty, and abo the brass becomes corroded. Moreover 
balances should be free as far as possible from vibration. The 
table on which the balances rest can be protected from vibra- 
tion by about four layers of corrugated paper under each leg. 

Books can be arranged on shelves round the room. A few 
chairs and tables for readingare desirable. 

G. Dark Room 

There should be some arrangement for doing photography 
in the science department A knowledge of photographic 
principles can well be part of the science course. In addiuon 
to this, children who arc memben of the Scientlflc Soaety 
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may wish to do some photography, some enlarging, 
ing and printing; the school ought to provide such faalitiH. 
The dark room is useful, for example, when the science 
teacher desires to do some photography for a film stnp. 

It is unlikely that a school will be able to have a room set 
apart for this purpose and no other. The most smta e rM 
generaUy wiU be the preparation room, though it is olten 

undesirable to have children working there because 0 | 

set pieces of apparatus about that are in the process ol being 
made. When children arc doing photography, it ^ usually 
necessary either to black out the laboratory, if this can oe 
done effectively enough for photography, or to keep tne 
preparation room so udy that a few children can svor m 

without danger dther to themselves or apparatus. 

For dark room purposes, the room should have a sate lig 
fixed on the wall above a bench. There should be an ade- 
quate supply of large photographic dishes and such appu 
enanccs as forceps, a dish thermometer, stirring rods an 
seconds illuminated clock. An enlarger b useful. This tan be 
made in Uie school* and will greatly increase the value oi 
the dark room. Photographic chemicals should be 
available. It b important that the science behind photo- 
graphic work b fully explained to the children. 


H. Greenhouse 

If the school garden has a greenhouse, the facilities which 
such a place offers should not be overlooked by the 
teacher. As I Iiave indicated previously, there should M the 
closest collaboration between the science teacher and c 
rural sdence teacher. Just as the purpose of the school vege- 
table garden b not to produce vegetables for the sch^ 
canteen, so the greenhouse b not primarily there to provide 
tomatoes. like the rest of the school garden it b there for 
educational purposes. The greenhouse b very useful for 
experiments on plant groivth. Much use can be made of it 
for experimental purposes. The heating s)i'stcms of some 
scliool greenhouses arc now electrically-controlled. ^Vith a 
greenhouse of ihb l)-pc some good scientific work can be done. 
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Modxilat Oven type 2A, electrically heated and thenno- 
statically coniroll^. Maximum temperature is 160" C. 

Tlie specification is as follows: 

Design and consiruetim. 

Aluminium exterior 15^ in. %vide by 14 in. deep by-2o} la. 
high, finished heat and corrosion*resisting stoved cream 
enamel, of easy-clean modem design throughout. 

Aluminium 12 in. cube interior with two perforated 
aluminium shelves 10^ b)* ii| in. sliding on runners fixed to 
walls. Interspace at bottom lagged with glass wool. Adjmt- 
able, thermally insulated, ventilator provided at top, which 
acts also as ^ermometer support- Internal surfaces and 
shelves treated to protect surface from corrosion. Door of 
oven lagged with asbestos and fitted with a spring loaded 
catch. 

Tfmperalure control and heating. 

Healing elements, total loading 650 watts, arc of heavy 
gauge Nichrome tape, wound on mica-formers and operating 
at low wattage density, thereby ensuring long life. In the 
interspace the elements arc secured to the bottom and two 
sides, and the invar-aluminium rod and bar thermostat to 
the back of the oven interior. Tbe circuit b such that rapid 
heating b aeWeved, the maximum temperature of 160* C. 
being attained in one hour. The temperature control b by 
means of a slow motion drive with a circular scale angularly 
divided into 100 parts to cover the complete temperature 
range. The temperature control b such that at 160® C. an 
accuracy of+2®C. b achieved as indicated by the thermom- 
eter. A rotary on/off switch and pilot lamp arc prerv’ided, the 
latter connected to indicate the operation of the thermostat. 

Complete with installation and servicing instructions and 
1 yard 3-core cab-tyre cabl^ without thermometer. 

For use on 200-250 volt A.G. only. 

3 . Still 

A suits \fVtype of still for providing dbtilled ^vatcr in 
chemistrj^^ ^biology laboratories b one of the types made 



THE SCIENCE LABORATORY AND ITS EaUlPMENT 24! 

by Mancsty Machines Ltd., Speke Hall Road, Liverpool, tg. 

The models the author suggests are either Dcstil Gas or 
Destii Elecu-ic. These modds incorporate the following 
features: 

1. Produce high quality distilled water at low cost. 

2. Continuous in operation. 

3. Supplied vdth a wall-mounting bracket. 

4. Fitted vdth condenser tubes of heavily tinned brass. 

The raiv water enters at the bottom of the condenser, 
circulates round the heavily tinned condenser tubes and fills 
the boiling chamber to a height controlled by a specially 
designed weir. The steam condensing pre-heats the ^vate^ 
almost to boiling point before it enters the boiling chamber, 
and dissolved gases are expelled to the atmosphere. Each 
model is fitted with efficient baffUng to prevent entrainment 
of raw water in the vapour passing to the condenser. 

The Desdl Model will produce a pints of distilled water 
per hour. Other details of this model are: 

Hdght Net Weight Gross W«^ht Case Dimensjoas 

21 in. 141b. 32 Ib. 1 1 in. by I ft. 3 in. by 2 ft. 2 in. 

A very important point about this type of still is that it 
does not take up any bench space being conveniently fixed 
on the wall. 

4. Thermostatically Controlled Air Chamber 

It is useful to have a thcnnostatically controlled air 
chamber for biological cultures. A fiime cupboard, with the 
fume outlet closed, can be used for this purpose. The cup- 
board can be heated by gas or dcclricity with thermostatic 
control. This can usually be fixed up by the science master 
using for the control either an air thermometer or a bimetal 
strip. 

Alternatively a thermostatically controlled water bath can 
be used to keep the cultures going (see fig. 2o). The cultures 
can be kept in boiling tubes immersed in the water. 
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SUMMARV 

A. The old Secondary Nfodem School in which a classroom 
has to serve for Science. 

B. The schoo! in which there is a laboratory already in existence 

of an old type. 

C. The new school wih one laboratory. 

D. The new school with two laboratories. 

E. PfcparaUon and storage rooms. 

F. Balance Room. 

G. Dark Room. 

H. Greenhouse. 

I. Special pieces of Laboratory Equipment. 

1. LoW'VoItage mstallatlon. 

2. 0%*en. 

3. Still. 

4. Thermostatically controlled air chamber. 
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ArPENDIX ONE 


THE BLACKBIRD 
(in outline) 

This project was carried out by three students at a teachers’ 
training college. An outline of what was done Is given. It is 
suggested that it can form the basis of “Bird Watching” with 
a few selected Secondary Modem School children. The 
author’s vie\v is that it is best for a school to concentrate on 
one l^'pc of bird for a time. To attempt to study several 
birds is ineffective and consequently useless. A good deal of 
useful research work can be done by the study of birds in the 
right way. 

Here is a condensed account of the actual vs-ork carried 
out. Early rcseardics, before i)ic nesting season began and 
during the stage when the birds were pairing off, were nude 
at Matson, Gloucester. Six n«ts were plotted here together 
Nvith (he approximate extents of territor)' and the “sinpng 
posts” of the cock birds. Note was also taken of the favourite 
stones on which the birds would crack open their snail 
shells. Owing to the robbing of the nests by small bop a 
fresh site had to be chosen. Eventually five nests in Broolc- 
ihorpc were found. 

Territory 

The first point to be noted was a territory which each pair 
had selected. It was found in the ease of the blackbirds in the 
Matson area that each bird’s territory was apt to overlap 
considerably. An interesting thing about the territorid 
rights of these birds was that although they were usually 
observed close to the nests, some parts of the area were 
treated as communal feeding grounds although the feeding 
never took place closer than la feet. 

Soho 

It was noticed that very little singing took place from the 
roost, and this was very desultory and did not develop into 
a real song until the singing perch was reached. Several 
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snatches of song were uttered dunng the actual %ht from 
perch to roost. When the “singing post" was attained, the 
song lightened and dc«5>ened into that chant which is so 
familiar and which is often called the “morning song". 

Singing took place on different occasions. Usually foraging 
for food was preceded by a song. Sometimes birds in adjacent 
territories were heard singing apparently in opposition. 

The period of the year during which the blackbird sings 
appears to vary greatly wth individuals. The peak period 
appears to be from the beginning of April to the end of June. 
'Hic song varied considerably as the season progressed, getting 
almost harsh and unmusical towards the end. There is a 
definite difTcrcnce in the song pattern of individuals. 

Nests and Nesting Sites 
The nests of blackbirds are found in various places as is 
indicated in the table below. The nesting season varies 


Tables of Nesting Sites 
Table a 
Area; Matson 


jVMtr 

SUe 

Dak building 

commenced 

(194S) 

Dak bmliing 
fnishtd (r948) 

fgS^ 

A 

Quickset 

hedge 

1 

3 April 

19 April 

4 

B 

Quickset 

hedge 

6 April 

15 April 1 

(approx.) 

4 

G 

Bramble and 
privet 

14 March 

30 March 

1 ^ 

J> 

Jv)’ coi’crcd 
'■ trunk of tree 

April 

1 20 April 

4 

E 

Quickset 

hedge 

Low fork of 
elm tree 

' y^ril 

13 April 

4 

F 

31 March 

4 April 

4 
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grcoUy with climatic conditions, a cold spell bang 
?„ hold up the building that has already sort'd- 1;“' 
the season lies between April and “f ^ve 

number of nesU is tsvo per season, although three n h^^^ 
been recorded on rare occasions. Four to fij' 'EP ‘ 
these being Ught blue with a heavy motUmg of reddisn 

'’^e taeubarion period is usu-illy 

doing all the brooding. The young are in the nmt lor an 
average period of another fourteen days and both parents 
assist in the feeding. 


TabU 3 



Table 4 

Area: Brookthorpe 

I J^umber 

Position j of Nests 

Hedgerows and small bushes 
Trees and tree trunks 
Hedge bottoms and tree holes 
Hole in the side of a wall 
Broken down wheelbarrow 
An old saucepan 


24 

13 

8 
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Tables 


Area; Bushley 


Pesilion 

Number 
of Nests 

Hedgerows and small bushes 

31 

Pollard Willows 

70 

Other trees and tree trunks 


Hedge bottoms and tree holes 
Other sites (including a roll of 
barbed wire, a garden rose 
pergola and a bundle of bean 

9 

sticks 

6 


Apart from the area tvliJch was being Jccpt under close 
observation, tog nests were recorded Of these, 26 nests were 
In gardens or very close to houses. 

Observations were carried out on courtship, display and 
coition and also on domestication. Work on migration 
proved too difficult owing to the problems of ringing. 
FBSozrro 

Some interesting observations were made on feeding. The 
tables which follow arc based on half-hourly periods of 
watching. 

Table 6 

Area: Brooktborpe 


Date 

AitoJ 

youngsters 

(iayi) 

Tim of 

watch 

[hours) 

Total No. 
of feeds 

No. of 
feeds 
by cock , 

No. of 
feeds 
by hen 

24/4/48 

n 

I 

18 

12 

6 

1/5/48 


i 

12 

7 

5 

2/5/48 

mM 


26 

H 

12 

8/5/48 

M 

} 

8 

3 

5 

aisles 

19 

■Hi 

14 

6 



It was noticed (hat on the 5th May, 7949, ‘he youngsters 
had left the nest but were remaining in the same hedge. 
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Table 7 

Date: Saturday, 24th April, 1948. Age of youngsters: i day. 
Nest No. 3 Brookthorpe 



Bird 

feeding 

Food 

Other Temarks 

p.m. 

3.10 

cock 

insects 

' Hen brooding. Cock fed hen and 

3.12 

cock 

insects 

then fed youngsters. 

Hen brooding. Cock fed hen and 

3-*3 

cock 

1 

insects 

i then fed youngsters. 

Hen had left nesL 


hen 

insects 

1 Hen then recommenced brooding. 

BIEl 

cock 

insects 

1 Cock fed both hcii and chicks. 

3-25 1 

cock 

insects 

Food given to hen. 

3.37 1 

hen 

insects 

Only one chick asked for food. 


1 

cock 

insects ' 

Hen fed this one and continued 
to brood. 

Both hen and younirsters fed. 


Table 8 
Area: Bushlcy 
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The interesting points to notice about the preceding tables 
are: 

{1) During the early days a “little food and often” was 
the rule and the cock had to do most of the feeding as the hen 
was brooding the youngsters. 

{2) After the first week, much more food was bring given 
to the youngstcre. They were growing rapidly and com- 
mencing to quill heavily. Both parents were able to bear 
equal shares in this feeding as the young did not require so 
much brooding. 

(3) After the youngsters were fledged, the parents were 
not so assiduous in their feeding. They were both concerned 
with going to nest again and probably the youngsters would 
pick up food for themselves much more quickly by reason of 
their being partially ignored. 



APPENDIX TWO 


A PROJECT ON EARTH, FIRE, AIR 
AND WATER 

1. The Development op the Conception of an 
Element 

Plato's four elements were what wc might now term the 
elemental bases of the material world. There is the earth on 
which wc walk; on which we grow our plants and feed our 
domestic animals; from which we extract coal, oil and 
metallic ores; and from which wc obtain clay, sand, lime 
and other materials utilised in the construction of our cities. 
Secondly there is fire, about which there has always been 
something of a mystery. Savages worehipped it because it 
appeared untameable and ruthless in its powers of destruc- 
tion. Evidence of its purifying nature is suggested in the 
practice in the past of cauterising wounds and in the present 
practice of cremation. 

The third element was the air. This again is a very signifi- 
cant substance in the material make-up of the life we know. 
Considered quite simply, the air is the atmosphere in which 
we and our domestic creatures live. 

Hnally there is water. This was the medium in which all 
life used to cast. It is only comparatively recently in Geo- 
logical time that creatures took to the land and consequently 
to brcatlung air. 

From Plato's elemental conception of the place in which 
wc live, wc can trace briefly the development of man’s 
understanding of the nature of matter. We can show how 
he came to analyse the world and find that it was made up 
of some 93 elements, only 20 of which were common. It was 
John Dalton of Manchester who first worked out the nature 
of the elements. From his work wc can trace the dcvclop- 
meni of Atomic Physics and arrive at our present ideas of 
matter. It should be possible to give the children in their 
last year a simple conception of the atom with its nucleus 
and its periphery of electrons. 
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2 . The Earth 

The second stage in the development of this ‘h™' 
cents the first element of Platot the earth. Tins ™eht t'gm 
svith some simple geology shovdng how the ™ 

were produced in the past. It can be shotvn V'" 

down to form soil and how the nature of a sod ts to a large 
degree controlled by the underlying rock stntcturc. 

Tliis leadk on quite naturally to the “"’P™"''" "f.*' 
soil. Such important components as j 1,3,,; 

and metallic salts might be considered. Ch.ldren should have 
an opportunity to carry out simple expenmenu “ 

position and nature of the soil. The composition “P'™'" f 
Should include methods for finding 

the different kinds of soil water. e.g. f ^ 

water and hygroscopic water. Methods o . 
presence of a carbonate, metalUe radicles and the pH value 

"'m nSect is that ^ P'^trlal! S" 
Although the soil may have aU plant, 

requires, unless these materials are Here we 

they are useless so far as the available substances 

might demonstrate how we extract available 

from the soil (see fig. s)* nf the modem 

From this there mlghtfollowaconsitoationoftbe^^^^^^^ 

methods of treating sod by m^ “ ^ jU ,a;„ the 

manures. Basically soil “ rUch arc to be 

substances required by the par „„:renicnts' it is part of 
grown on it. Plants have different 

the business of the scientist inhabitants of 

Some thought might S-'h^orkefthe 

the soli both plant and “mind. “ P. ^ „hich improve 
cultivator to encourage those j „^th making 

the soil, particularly the bacteria j^couraging those 

nitrogcA available .0 the pHut. and duco^mp g^^__ 
inliabitants which have a arthropod 

auaerubie bacteria, funp. “ton „n be dca't '"*• 

. various kinds. Methods of sod s should draw 

Before completing our swiP „w materials 

the attention of the children to the important 
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which we obtain from the earth. In particular, mention 
shotild be made of roal, oil, metallic ore, sulphur, day, 
sand, and limestone. This is a subject which could well form 
the basis ofa long science course. It does provide an excellent 
opportunity to introduce chemistry in its proper place. 

3. Fire 

The subjrct of fire can begin with early ideas about com- 
bustion. Aiwe might expect, early ideas as to svhat happens 
when iron rusts were rather vague. It is important to 
remember that vagueness has not disappeared ev'en from 
sdcntific worlL IVhilst science aims at clarifying problems, 
this darificadon is progressive and often slow and there are 
still many unsolved problems. In fact the solution of one 
problem often leads to another problem which may be just 
as shrouded in ia)3tcry as cariy ideas on combustioiL 

The Phlogiston Theory can fenn the subject of a number 
of lessons bringing out the historical development of that 
branch of chemistry concerned with oxidation and reduction 
and the commoner gases. The fact that Priestley believed in 
Phlogiston all his life does show that it is possible for an out- 
standing scientist to be nuslcd. An interesting point m the 
overthrow of llus unsound theory was the way in which 
quantitative experiment disproved the Phlogiston theory 
bc)'ond doubt. ^Vhcn Laroisier carried out his famous experi- 
ment of heating mercury and wdghing it before and after 
thus showing that it gained in weight he proved that when a 
metal was heated and gained weight, it must gain material 
substance. It could not lose material substances as the 
Phlogisionists suggested. The Phlogistonists really went 
wrong because they regarded fire as a material substance for 
they said that when a material was heated it lost the fire 
element. The fact that they did not weigh the metal before 
and after the experiment was an erro r of method. 

The next topic included in the subject of Fire, is that of 
Heat and Energy. Mechanical and Heat Energy’ arc prob- 
ably the most obrious forms of energy’ to a child. There is 
evident energy when a nail is hit by a hammer or a fire bums 
with shooting flames and craclding sounds in the hearth. 
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We can show here, how one kind of energy can be trans- 
ferred into another, but with loss of useful energy. When the 
hammer hits the nail some of the energy is utilised in driving 
the, nail into the wood, but some is lost as heat energy, for 
the nail gets hot. The fire in the grate gives out heat, but it 
also gives out light and sound which have no heating value. 

We can next consider Same. It is interesting to trace the 
control of flame by man. To the savage the fire at first 
appeared uncontrollable until he learned how to use the 
fire first to ward off prowling animals from bis cave and then 
by cooking his food. The use of flame and the heat from the 
flame lias evolved from this through such stages as the fire 
on the floor in the centre of a room; the big Tudor fireplace; 
Rumford’s stove; modern coal fireplaces and finally electric 
wall ban and central heating. There has been a parallel 
evolution in laboratories and industry. 

It is interesting to compare drawings and pictures of 
laboratories and workshops of different ages. The cumber- 
some pieces of equipment, such as coke stoves, arc very 
evident in the pictures of the laboratories of the early 19th 
century. In fact the general difference in the equipment both 
of laboratories and workshops of the 19th century from those 
of the present is that unwieldy and ofien untidy machines 
and apparatus have given place to articles which are dis- 
tinctly functional. 

Any work on flame should include a study of the candle 
flame and the Bunsen burner. The Bunsen burner leads on 
to a study of explosion waves. A uscfiil piece of appara^ of 
this kind is illustrated in fig. 49. By varying the properties of 
air and coal gas and the time lapse in sparking after turning 
off the gas, it is possible to demonstrate different types of 
explosion waves. 
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The incandescent gas mantle can then be considered. 
77115 made a big improvcmeni, which svas cncclivc not only 
for gas lighting, but also for oil lighting. The svork of 
Wclsbach on the use of thorium oxides was a great contribu- 
tion towards the advancement of illumination. 

From here wc can follow a difFcrcnt line in regard to 
flame. "VVc can consider the flery origin of the earth in the 
sun. The X’arious theories which attempt to explain the 
earth's origin can be considered on tlidr merits. The sun 
itself is a subject of great appeal especially to bo)-!. Such 
matters as consideration of the energy relations of the sun 
and earth; comparison of the composition of the sun with 
that of the earth; a study of the s-arious prominences; and 
the energy output of the sun itself, are all full of interest. 

The subjea of Fire should not be dismissed until we have 
considered the transfer of power. Human pow'cr after 
thousands of yean was replaced by animal povs’cr and then 
b>' water power. It was a long lime before Ae power of the 
fl^e was harnessed to do work for man. The early Greek 
attempt of Hero was not taken up until ^Vatt worked out the 
principles of the steam engine. Watt’s invention really made 
the Industrial Resolution possible. Industry moved quickly 
afterwards because a great supply of energy which could be 
harnessed had been found. In principle a steam engine is a 
device whereby some of the heat of a flame causes water to 
boil and produce steam. Wc can consider that some of the 
energy from the flame is locked up in the steam which is 
later turned into useful mechanic^ power by moving a 
piston backwards and forwards in a cylinder. This in turn 
dnves a fly-wheel which makes continuous motion possible. 

This Section on Fire might well end by work on electricity 
since electricity is largely produced on the large scale by 
carrying this matter of the transfer of power a stage further. 
The steam engine is now made to drive a dynamo which 
generates dectridtj'. 

4 . The Air 

The discovery that air was a mixture; begun by’ Cavendish 
Pncstlcy and Lavoisier, and the complete elucidation of this 
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„U,urc by Ran..y, 

scientific history. “"''j ^ fixture. Hooke sus- 

dilficult to accept the idea ofiB be g 

peeled that it was a tbtature experiments as 

I prove it. When clnWre" ^rt? <>“‘ r;„eZatie trough 
burning a candle bt"*" J; ™eiting experimenu of great 
coniaining water stressed sufficiently, 

historical significance. This “ “ naturally to showing that 

Work of this land leads on quite n ’ of this 

air is a mixture, and to “^^i of air as a 

mixture and them onirast to water as a compound 

mixture provides a suitable contrast to wate 

which follosvs in the of air. sve have an 

In the elucidation of the com ], „„,)cs. Here we 

opportunity to show how investigation throughout 

can witness how the progr« of the 

the yean, and the ' and his colleagues 

dealing with the md'"^' ^““iJplants and all animab, 

XS^n^a^ytcrLlman^dwhichisnecessary.^ 

■'iSmgen is often 

Latoble to plants. Nitrogen mam P ^ ^ ,he 

the structure of proteins which p ^y s^ ^ 

building of plant animals, it «nW ’“® 

is the univcnal clement m p Ln;],! up those compo 

that nitrogen is p"“uh 

which are intnnsically linkeu up ^ 

vapour i, P."ngnraXU'h:“^^^ ' 

insulaUng properties in providing 
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which prevents the too rapid loss of heat fro™ 
space. It also tends to modify the rntens.ty °r ^ 

Carbon dimdde is most important m regard to the carMn 
cycle. It is desirable to eompare both the nitrogen and ^ton 
cyxles to see how they link together. In dwlmg wa h emtan 
Soidde, spedal consideration shonid be given to the phottN 
synthesis or carbon assimUation as some.pcoplc ' 

Photosynthesis is a remarkable process by which 
from the carbon dioxide of the air is built up first into mcm^ 
saccharides; then into disacchatides and iatcr into po y 
saccharides such as starch and ccliulosc. ^tcr in th 
processes, the carbohydrates take part in combmations witti 
nitrogen compounds to build up proteins. , 

The comracrdal uses of the inactive gases can 
mentioned. It is also important to $ho^v how he^um is a oy- 
product in the atomic fission of uranium, and niton ts a 
emanation from radium. 


5. Water 

The fourth and last ‘element* of Plato can now be con- 
sidered. The early work on the composition of water was 
worked out by Cavendish by performing the s^thesis 01 
water and measuring its composition. Cavendish s proo o 
the compound nature of svatcr was weakened because e 
expressed it in terms of the phlogiston theory. The 
gation of the nature of water is therefore linked up with ire 
and Combustion. . . - 

The peculiar behaviour of water in the manner m w c 
its density alters is important. Icc is lighter than water, ut 
then the density of liquid water rises as water at o® C- it 
heated, reaches a maximum at 4* C., and then falls until ^ 
too* C. the water boils. These two lactors account for the 
important fact that icc forms on the surface of a lake fi^* 
Because of this and because of the insulating effect of ice, 
deep lakes never freeze completely. In fact even in arctic 
and antarctic waters, the ice is not very thick in comparfron 
with the depth of water. These facts have important bearings 
on our way of life. ^Ve can draw water from reservoirs in the 
coldest part of the winter and the population of inland 
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waters and the sea is no. serionsiy affected by the fonna.ion 
of ice on Uicir surfaces. . transport* 

Water should be constdered “ drculadon 
Ing medium Harvey ^ ^"/SreStanou of blood and 
or blood in the human body. of man’s invent- 

its pumping in the body are cop sewerage sj-stem; 

iori. There are the Inland a"J 

the use of hydraulic '“’““Xn of Xr for dom- 

pumps and, of course, the P , 0 ,,, joany ramificadons 
LticU industrial uses. The subject has m^ny ^ 
and a selecdon of these would have to oe m 
devoted to this topic. considered. The 

Faraday and electrolysis may -r showing a method 

electrolysis ofwater is a convenunHwy f 

of Ending the composiuon seaetion. 

electricity is often linked up '" . work is the place of 

An important and fasemauug^dd^ Possibly the most 

water in plant and a"™* . . change from aquauc 

. important landmark m evo animab 

to terrestrial life. The way m land is most intcresung. 

adapted themselves to h:!s a more buoyant 

Let me just mention “Pf^’ „s animal mil receive 

nature than air, “">''1"'“'^^ “ Ku the air. ft is true 
more support m the ^ jj support from its bmal 

that a land aramal or plant rKO PP^, ,he air which 
resting on or attachment o effect as water, 

surrounds it on land " “ fundamental change must 

Thb difference meant that ia„u and 

follow the transition from water to lanu 
animals were to survive. tenuous stems. Such a form 

Floating plants have ''“".“"^,cnce unless a plant can 
is unsuitable for a terrmtnal eimte ,,enM 

climb other plants ofwhidi we ,t u 

and other creeping plants. . trong stems s^ich 

essendal that some planB f ““jr'XrveTUcally. Ttus, 
will enable them «> “f' 

indeed, as we know, bas bap^"^' with or withou 

The water b able to sup^tj Today we find tha 

legs; the legs m fact arc hardly 
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U.C lirgcst mammil is the whale which is supportrf by salt 
water. When an animal takes to the land it must other craw 
so that its body is endrely supported by the 
must develop strong legs to support its ^ 

efficiency rcladon between size and number of lep 
one hand and size and weight of body on the other. 1 he 
maximum successful land animal would appear to be me 
elephant The reason why the brontosaurus was 
is probably due to two factors: unsmeldy size of body an 
smallness of brain. It spent most of its nme m 
possibly because the buoyant nature of the water made me 

Then we have the role of water in fertilisation. It b very 
noticeable that although millions of years have elapsed smee 
many of the ancestors of animals Uving today left the vmter 
for the land, they still depend on svater as a transporting 
medium in fertilisation. In some cases, as in iMny 
phibians, recouise is made to water by males and froal 
the mating season and the process of fertilisation takes p 
in water. In mammals, the fertilisation of the ovum in tne 
female is caused by the impregnation by a sperm, bu 
whole process is enabled to take place tltfough an aqueous 
medium, the spermatozoa literally swimming in the directio 
of the ovum. 

The next subject for consideration is the role of water m 
diffuuon and osmosis. These are often considered in rega 
to plants, but it must not be forgotten that they take p acc 
in animals as well. It is important to make the distincUon 
betvsxcn diffusion and osmosis clear. In diffusion, the mem 
brane docs not exert a sdecting power. It is a proce^_ y 
which gases and liquids penetrate a partition of soroe^nd. 
In osmosis, the membrane causes selection. This membrane 
b referred to as a senu-pcrmcable membrane bccawc^ o 
this selecti%nt>'. Such a membrane allovi'S an ionised soIuU^ 
to pass, but prc\’ents the flow of a colloidal or un-ionisw 
liquid or solution. Diffusion and osmosis are usually broug t 
in to offer an explanation as to how salt solutions get into 
the plants from the soil. The subject is, howev’cr, 
complex and the explanation is probably not fully understood. 
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Cloidy linked ivith diffnsion n^osmosU “ 

cannot be given. . , transfer of 

Lastly reference should again b regard to fire. 

U^.aVL“aA"™™plo,rfmM 

ing of bridges. There is “ ^ tremendous 

in place of water as in a ? ^-verted into 

and continuous power is he steam is utilised in 

steam and the energy locked up m the 
steam engines and turbmm. Tto ene^ 
adaptable and useful at a distance by using m a 
turbine to drive an electric generator. 



APPE-HOiX THREE 


THE UTILITY SERVICES: ^S'^ATER» GAS, 
ELECTRICITY AND WIRELESS 

A large part of a syllabus can be centred roimd^ the 
utility services, in which I include ^Vater, Gas, Electricity 
and IV’irclcss. In chapter 2, section A(t), I have dealt at 
some length with water and in chapter to, section H, I have 
briefly considered %virelcss. The other two might be dealt 
with somewhat as follows: — 

Gas 

l. An examination of the destructive combustion of 
paper, wood and coal to show the fonnation of the inflam- 
mable gases. 

а. A %’mt to the gas works. 

5. The making of a modd gas tvorks that tvilJ p^uce 
purified gas. 

4. How the comporidon of <»al gas is related to its func- 
dons. 

5. Appliances using coal gas. 

Elsctricity 

1. Brief historical account of electricity and its de\-elop- 
menl beginning with Oersted and Taraday. 

2. The making of a model d>'namo. 

3. Methods of driving a dymamo: steam engine, steam 
turbine, water turbine. 

4. Alternating and direct current. 

5. Solenoids and electromagnets. 

б. The prindple of the electric bell. 

7. The transformer. 

8. The Grid Sj-stem, 

9. The wiring of a house. 

10. The principles of dcctiic appliances depending on 
the heating effect, e-g. dectric fir^ dectiic iron, hot plate 
and dectric oven. 
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Ji. The principles of electric appliances depending on the 
electric matar, e.g. vacuum cleaner, fan. 

la. Electric lighting. The evolution of the electric bulb. 
Direct, indirect and semi-indirect lighting. Fluorescent 
lighting. 

14. The electrical system of a modern car: Ignition, 
starter motor, dynamo, accumulators, ligljting, trafficators, 
windscreen wipers. 



APPENDIX FOUR 


THE BIOLOGY OF FOOD 
(outline) 

A. 

This may be begun with a statistical analysis of the school 
meals subject to the approval of the School Governors. Such 
an analysis can be done by first of all obtaining the followng 
data: 

1 . No. of meals scr\'cd over a representative period of say 
four weeks. These need not be consecutive. 

2. Quantities and kinds of (bod eaten during this period. 
By means of a good table of food values, it is roughly possible 
to calculate the numerical values of such factors as calorics, 
proteins, Vitamins, iron and calcium in the food which the 
children consume. 

By dividing the total quantities of these food factors by 
the number of meals we arrive at figures for an average meal. 

This was worked out in the author’s school and gave the 
following result; 

Tabu g. Amounts supplied ^ cHW each mrof. 


Protrin 

27 gm. 

Calcium 

241 mg. 

Iron 

4 mg. 

Vif. A 

2196 i.u. 

Vit.B 

182 i.u. 

Vit. C 

3-7 

Calories 

49« 

i.u.*= international unit 


It is intereting to compare this table with a table for the 
average adult rcquincnieaCsforonc day. 

Table lo 

Protein 70 gm. 

Calcium 800 mg. 

Iron la mg. 
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Tabu u- 


■nni moLOOV or food 
TaUi 10 — contd. 
Vit. A 5000 

Vit. B 600 

Vit. C 50 ”'S- 

Calories 35°® 


Table giving pc~ oM®;>y 

supplied in the School Meal 


Protein 39 
Calcium 3® 

Iron 33 

Vit. A 44 

Vit. B 30 

Vit. c 8 

Calorics *4 


B. , .. .how in what ways 

The second stage of errors are of two 

errors creep into this analyse. The erne 

kinds. f cooking depreciates the 

We are not sure h®” jilTerent degreM. We 

food values. These are por o®”?*'’ 

might devise iVikd potatoes may be corn- 

calorific values of raw ^d tai M P the loss in 

same meal d^--rS;^®r“S 

the various digestive cnaymes. 

. FaT. CaK.OHVDh®«»- 
c. Tests for tA”, ^ 

ano VtTAMt?** .tmfnts to show how 

^InTr^l^patt i^lS^^ i8entiry the 

show expenments 
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Vitamins. It may be possible with A children in their last 
year to indicate to them the biological methods and the 
spectrographic methods of identification.* 

D. The Formation op Food's 

This is an interesting subject wWch is often entirely 
miacd. Foods come from many sources; plants, ammals and 
minerals, and all these sources arc necessary. It can be shown 
how plants during photosynthesis initiate the process where- 
by fats, carbohydrates and proteins are produced not only 
in plants but also in anim^. *1116 animals eat the plants 
converting the Cits and carbohydrates into energy and break- 
ing down the proteins preparatory to rebuilding proteins 
needed in the animal structure. Most of the mineral salts arc 
obtained indirectly from plants and animals as food, but 
there is the notable excq>tion of common salt. 

E. 

If science is included in social studies it may be possible 
to consider the history of food. This may include the following 
aspects: 

I. The improvement of the quality and the quantity of 
foods throughout the ages. 

ff. The increase in the availability of food to the masses of 
the population. 

3. The problem offeeding Britain in the last war. 


HercRE.vcES (ApPZNDices) 

' Chapter XIII: P. M. hlitchell, Biochenastty (McGraw & 
Hill Book Co.). 1946. 

• L. J. Harris and hL OUiver, Biotkendul Journal, 1943 » 5 ^* 
* 55 - 

* hL R. Rosenberg, CkeT/niby end Pfyiiology of ths Vitamins, 
New York. 1942. 
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